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MECHANICS. 


TRINITY  COLLEGE,  May  1822. 

1.  If  three  forces  acting  together  on  a  particle  of  matter  pro* 
duce  no  motion  in  it,  and  three  straight  lines  be  drawn  making, 
with  the  directions  of  those  forces,  the  same  angle  respectively,  and 
each  meeting  the  other  two :  then  shall  the  sides  of  the  triangle 
thus  formed  be  proportional  to  the  quantities  of  the  respective 
forces. 

2.  Find  generally  the  conditions  of  equilibrium  on  the  inclined 
]^ane. 

S.*  What  force  must  be  exerted  to  sustain  a  ton  weight  on  a 
screw,  the  thread  of  which  makes  150  turns  in  the  course  of  12 
inches,  and  which  is  acted  on  by  an  arm  6  feet  long  ? 

4.  If  P  sustains  TV  on  an  isosceles  wedge,  and  the  wedge  be 
put  slightly  into  motion ;  prove  that  , 

the  velocity  of  P  :  that  of  Wy.W  :  P. 

5.  Explain  the  construction  of  the  steel-yard. 

6.  In  the  system  of  pullies  in  which  every  string  is  attached  to 
the  weight,  find  the  relation  between  the  power  and  the  weight. 

7.  Find  the  centre  of  gravity  of  any  number  of  heavy  particles 
placed  in  the  same  straight  line. 

8.  If  a  body  be  suspended  by  any  point  it  will  not  remain  at 
rest  unless  its  centre  of  gravity  is  in  a  vertical  straight  line  drawn 
tlurough  that  point. 

9.  The  centres  of  two  balls  A  and  B  move  along  the  same  straight 
line  with  the  velocities  a  and  6.  Find  the  velocity  of  each  after 
impact,  when  6A  =  5B,  as?  feet  in  a  second,  4a  +  ^6  =  0,  and 
Jorce  of  elasticity  I  force  of  compression  : :  2  :  S. 

PART   II.  B 
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2  EXAMINATION  PAPERS  [Trinity 

10.  In  uniformly  accelerated  motion^  the  whole  space  from  rest 
is  proportional  to  the  square  of  the  whole  time  of  motion. 

11.  .  The  time  of  falling  down  an  inclined  plane  of  given  height 
is  proportional  to  its  length. 

12.  Twelve  pounds'  weight  is  so  distrihuted  at  the  extremities  of 
a  cord  passing  over  a  pulley,  that  the  more  loaded  end  descends 
through  seven  feet  in  as  many  hours.  What  weight  is  at  each  end 
of  the  cord  ? 

13.  Given  the  direction,  and  velocity  of  projection ;  find  the 
range  on  the  horii;ontal  plane,  the  time  of  flight,  and  the  greatest 
height  attained  hy  the  projectile. 

14.  Find  the  length  of  a  pendulum  that  will  oscillate  seconds; 
and  of  one  that  will  oscillate  four  times  in  a  second. 


TRINITY  COLLEGE,  1824^. 

1 .  Explain  what  is  meant  hy  the  moment  of  a  force,  and  shew 
that  the  moment  of  the  resultant  of  two  forces  is  equal  to  the  sum 
of  the  moments  of  the  component^,  taken  with  their  proper  signs. 

2.  If  three  forces,  represented  in  quantity  and  direction  hy  the 
three  sides  of  a  triangle  taken  in  order,  act  upon  a  point,  they  wUl 
be  in  equilibrium ;  prove  this,  by  resolving  the  forces  in  the  direction 
of  rectangular  co-ordinates. 

-  3.  If  «  and  a,  P  and  ^,  y  and  y,  be  the  angles  which  two 
forces  make  with  three  rectangular  axes  respectively,  and  0  be  the 
angle  which  they  make  with  each  other,  then 

cos.d  s=  oos.«  cos.«  +  cos.jS  co8./3'+  cos.y  oos.^^ 

4.  A  rod  of  given  weight  and  length,  has  a  moveable  weight 
attached  to  it,  and  is  placed  with  one  end  against  a  vertical  wall, 
and  the  other  upon  a  horizontal  plane;  find  the  position  of  the 
moveable  weight,  when  a  given  sustaining  force  is  just  sufficient  to 
prevent  the  rod  from  sliding  when  in  a  given  position. 

5.  If  /  be  the  length. of  the  arm  of  a  balance,  d  the  distance  of 
the  centres  of  suspension  and  gravity,  P  the  load  in  each  scale,  and 
W  the  weight  of  the  beam,  then  the  sensibUiiy  of  the  balance  is 

/ 
««  rf(2i>  4-  fvf  *"*  '^^  ^ahilUy  as  d{2P  +  W). 
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6.  When  wheels  act  hj  teeth  working  in  one  another,  the  force 
of  one  upon  the  other  will  remain  constant,  if  the  line  which  is 
drawn  perpendicular  to  the  surfaces  of  both  the  teeth  at  the  point 
of  contact,  pass  eontinuallj  through  the  same  point  of  the  line  which 
Joins  the  centres  of  the  wheels. 

7«     Investigate  the  conditions  of  equilibrium  upon  the  screw. 

8.  A  uniform  beam  AB  of  given  weight,  ia  moveable  round  a 
hinge  at  A,  and  is  kept  in  a  given  position  by  a  weight  P  acting 
by  means  of  a  string  passing  over  a  pulley  at  C,  and  attached  to  the 
beam  at  ^ ;  find  the  weight  P,  when  the  points  A  and  C  are  in  the 
same  vertical  line. 

9.  Investigate  the  differential  expressions  for  the  co-ordinates  of 
the  centre  of  fi^vity  of  a  plane  curvilinear  surface. 

10.  When  a  body,  or  system  of  bodies  is  in  equilibrium,  its 
centre  of  gravity  is  at  the  highest  or  lowest  points;  prove  this 
principle^  and  apply  it  to  determine  the  conditions  of  equilibrium  of 
two  bodies  connected  by  a  string,  and  supported  upon  a  double 
inclined  plane. 

11.  A  rod  of  given  length  rests  with  one  end  upon  the  concave 
surface  of  an  inverted  paraboloid,  and  passes  over  a  point  which  is  in 
its  focus :  find  the  positions  in  which  it  rests. 

12.  A  rectangular  plane  surface  ii BCD,  is  moveable  round  a 
point  at  A,  and  rests  against  a  point  at  &;  from  the  requisite  data, 
to  find  the  pressure  on  B* 

IS.     Find  the  centre  of  gravity  of  a  frustum  of  a  cone. 

14.  If  A  communicate  velocity  to  B,  throug|h  a  number  of  other 
bodies  which  are  geometric  means  between  A  and  B,  find  the  limit 
to  which  the  velocity  of  B  will  continually  approach  when  the 
number  of  means  is  continually  increased,  the  bodies  being  perfectly 
elaatic. 

15.  Investigate  the  following  equations,  where  v  is  the  velocity, 
t  the  time,  ^  the  space,  -and/ the  accelerating  force : 

16.  Two  equilateral  triangles  are  placed  with  their  bases  at  a 
given  distance  from  each  other  upon  the  same  horisontal  line,  and  a 

B  2 
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non-elastic  body  falls  down  the  side  of  the  first,  along  the  space 
between  the  bases  and  up  the  side  of  the  second  triangle,  the  vertex 
of  which  it  just  reaches;  given  the  side  of  the  first  triangle,  to  find 
that  of  the  second,  and  likewise  the  whole  time  of  the  motion*    . 

17.  P  draws  up  Q  by  means  of  a  single  moveable  pulley,  when 
the  strings  are  parallel :  find  the  force  accelerating  P's  descent. 

18.  The*time  down  a  small  arc  of  a  circle  to  the  extremity  of  a 
vertical  diameter  is  less  than  the  time  down  the  chord. 

19.  To  find  the  line  of  quickest  descent  from  a  given  point  to  a 
given  inclined  plane,  and  the  time  of  describing  it. 

20.  A  body  rolls  along  the  curve  of  an  inverted  cycloid,  descend- 
ing from  the  highest  point ;  find  the  pressure  upon  the  curve  at  the 
lowest  point. 

21 .  Two  bodies,  A  and  B,  are  projected  at  the  same  time  from 
the  same  point  with  velocities  a  and  b,  one  vertically,  and  the  other 
at  an  angle  of  30^ ;  find  the  path  described  by  their  centre  of  gravity. 

22.  If  perfectly  elastic  balls  be  let  faU  from  the  directrix  of  a 
parabola  whose  axis  is  vertical,  and  be  reflected  from  the  curve,  it  is 
required  to  find, 

( 1 ).  The  locus  of  the  vertices  of  the  parabole  described. 

(2).  The  locus  of  the  extreme  ranges  upon  the  tangents  at 
the  points  of  incidence  of  the  reflecting  curve. 


TRINITY  COLLEGE,  1825. 

L     If  the  sides  a,  6,  c**  »  of  a  polygon  represent  the  magnitudea 
and  directions  of  (it)  forces,  which  keep  a  point  at  rest,  prove  that 
««  =s flS  4-  6«  4-  c^  -f . ..  ^2(ab  cos.a,  b-\-ac oos.a,  c  +  bc oos.6,  c  +  •••). 

2.     ( 1 ).  Two  forces  which  act  in  different  planes  cannot  have  a 
resultant. 

(2).  Given  the  magnitudes  and  directions  of  three  forces 
acting  in  different  planes  upon  a  point;  find  the  magnitude 
and  direction  of  the  resultant. 


i  I 
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3.  A  given  weight  is  supported  on  two  given  props'  which  stand 
at  a  known  distance  from  each  other  on  a  horizontal  plane,  and 
which  are  prevented  from  sliding,  hy  means  of  a  cord  connecting  their 
lower  extremities ;  required  the  tension  of  the  cord. 

4.  Any  numher  of  parallel  forces,  and  the  co-ordinates  of  their 
points  of  application  heing  given,  to  determine  the  co-ordinates  of 
the  centre  of  the  forces. 

5.  A  given  force  heing  applied  at  a  point  P  within  a  tetrahedron, 
it  b  required  to  decompose  it  into  four  others  applied  at  the  angular 
points  A,  B,  C,  D;  and  thence  to  prove,  that  if  the  lines  drawn 
from  these  points  through  P  meet  the  opposite  faces  in  a,  h,  c,  d 
respectively 

Aa^  Bb^  Cc^  Dd 

6.  Shew  that  in  any  polygon,  the  sum  of  the  squares  of  the 
distances  of  the  centre  of  gravity  from  the  angular  points  is  the  least 
possible. 

7.  Find  the  centre  of  gravity  of  a  given  frustum  of  a  paraboloid. 

8.  Required  the  solidity  of  the  greatest  cone  of  given  diameter 
which  can  be  supported  on  a  plane  whose  inclination  is  S0<* ;  and 
find  the  highest  point  in  the  slant  side  where  a  weight  may  be  placed 
without  overturning  it.  * 

9.  A  given  beam  of  uniform  thickness  and  density  is  supported 
on  two  planes  of  known  inclination,  to  find  the  position  in  which  it 
will  rest. 

10-     (1).  When  a  system  is  in  equilibrium,  the  centre  of  gravity 
IS  the  highest  or  the  lowest  possible :  hence, 

(2),  Determine  the  position  in  which  two  given  beams  of 
uniform  density  will  rest,  when  they  are  placed  on  a  horizontal 
plane  with  their  lower  extremities  opposed  to  each  other,  and 
their  other  extremities  supported  on  two  parallel  vertical  planes. 

11.  In  toothed  wheels,  the  moment  of  P  about  the  centre  of  the 
first  wheel  is  to  the  moment  of  W  about  the  centre  of  the  second 
wheel,  as  the  perpendiculars  from  the  centres  of  the  wheels  upon  the 
line  of  direction  of  their  mutual  action. 

12.  A  homogeneous .  elliptical  spheroid  rests  on  its  smaller  end. 
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in  a  ooQcave  liemisphere ;  to  find  what  the  radius  of  the  hemifpherie 
must  be  that  the  equilibrium  may  be  stable. 

13.  (1).  Does  the  force  of  friction  observe  any  known  law?  Is 
the  quantity  of  friction  affected  by  an  increase  of  velocity^  or 
by  the  extent  of  the  surfaces  that  are  in  contact  ? 

Explain  how  friction  may  be  measured,  and  mention  the 
chief  contrivances  that  are  employed  to  diminish  it. 

{2).  Prove  that  the  friction  of  a  rope,  which  is  wound  round 
a  cylinder,  increases  in  geometrical  progression,  while  the  num- 
ber of  turns  increases  in  arithmetical  progression. 

Id*.  Two  bodies  P  and  Q  are  connected  by  a  string  passing  over 
a  fixed  pulley ;  P  descends  vertically,  and  draws  Q  along  the  hori- 
zontal plane ;  find  the  space  described  and  the  velocity  acquired  by 
P  in  r. 

15.  If  a  body  be  projected  vertically  upwards  ox  downwards  with 
a  velocity  («),  and  be  acted  upon  by  a  constant  force  (/),  prove  that 

*  =  /«  :p  IftK 

16.  The  axis  of  an  equilateral  hyperbola  being  vertical,  prove 
that  the  times  of  descent  from  the  extremities  of  the  axis  to  any 
point  in  the  curve  are  equal. 

17.  (1 ).  The  position  of  a  ball  on  a  triangular  billiard  table  being 
given;  it  is  required  to  shew  that  there  are  three  directions,  in 
any  one  of  which,  if  the  ball  be  struck,  it  will  pursue  con- 
tinually the  same  path  after  being  twice  reflected  from  each  of 
the  sides* 

(2).  Find  the  position  of  theiiall,  and  the  direction  in  which 
it  must  be  struck  so  that  it  may  pursue  continually  the  same 
path  after  being  once  reflected  from  each  side. 

18.  A  shell  being  discharged  at  a  given  angle,  the  sound  of  its 
explosion  was  heard  at  the  mortar,  if  after  the  discharge ;  required 
the  horixontal  range. 

19.  Let  A,Phe  two  points  in  the  same  vertical  plane,  join  A,  P 
meeting  in  Q  an  inverted  cycloid  AQB,  whose  base  AB  is  part  of 
the  horizontal  line  iiX;  join  QB,  parallel  to  which  draw  the 
line  PC  meeting  AX  in  C:  then  AC  is  the  base  of  an  inverted 
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cfdmd,  through  which  a  body  will  pass  from  ^  to  P  in  the  shortest 
time  possible. 

20.  PQ  is  a  vertical  line  terminating  in  a  hard  horizontal  plane 
at  Q ;  a  perfectly  elastic  ball  being  dropped  from  P  meets  another 
perfectly  elastic  ball  rebounding  with  a  known  velocity  from  Q,  and 
both  are  reflected  back ;  to  find  where  they  must  meet^  in  order  that 
they  may  thus  rebound  from  one  another  continually. 

21.  A  body  is  projected  from  a  given  point  with  a  given 
velocity ;  to  find  the  direction  that  it  may  just  touch  a  given  plane. 

22.  From  what  height  must  a  perfectly  elastic  ball  be  dropped 
on  the  convex  surface  of  a  given  hemisphere^  so  that  after  reflection 
it  may  describe  the  greatest  possible  horizontal  range  ? 

23.  Prove  that  the  oscillations  caused  by  the  addition  of  a  small 
weight  to  either  scale  of  a  balance  are  isochronous ;  and  show  that 
the  isochronous  pendulum  is  equal  to  the  diameter  of  the  circle  which 
passes  through  the  fulcrum^  and  the  points  of  suspension. 


TRINITY  COLLEGE,  1826. 

1.  What  are  the  objects  of  the  science  of  Mechanics  ? 

2.  What  are  the  properties  attributed  to  matter  in  this  science  ? 
Show  the  fallacy  of  the  reasoning  by  which  it  has  been  attempted  to 
prove  that  infinite  divisibility  is  essential  to  matter. 

3.  What  is  weight  ?  Under  what  limitation  may  it  be  taken  as  a 
measure  of  mass  ? 

4.  What,  kind  of  machine  is  an  oar  ? 

5.  How  is  a  wedge  shown  to  be  a  species  of  inclined  plane  } 

6.  What  is  the  relation  of  the  power  and  weight  in  the  second 
system  of  pullies,  where  the  same  string  passes  round  them  all  ? 

7.  What  is  the  most  effective  direction  for  the  power  on  an  in- 
clined plane  ? 

8.  In  what  case  will  a  body  of  a  given  form  be  supported,  or  fall, 
on  a  horizontal  surface  ? 

9.  Find  the  centre  of  gravity  of  a  plane  triangle. 

10.  Show  that  the  times  of  falling  down  all  chords  of  a  circle  to 
the  lowest  point  are  the  same. 

11.  Investigate  the  curve  described  by  a  prc^ectile  in  vacuo. 
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\%  A  hollow  parabolic  conoidl)eing  placed  with  its  vertex  down<^ 
wards^  find  a  point  at  a  given  height  from  whence  a  perfectly  elastic 
iiall  being  let  fall^  shall  after  one  rebound  hit  the  vertex. 


TRINITY  COLLEGE,  1827. 

1.  If  three  forces  acting  on  a  point  keep  one  another  at  rest,  any 
two  are  to  one  another  inversely  as  the  sines  of  the  angles  which 
their  directions  make  with  that  of  the  third  force. 

2.  Find  the  proportion  between  the  power  and  the  weight  in  the 
screw. 

3.  Prove  the  principle  of  virtual  velocities  in  the  case  of  the 
lever. 

4.  A  body  rests  with  its  base  on  a  horizontal  plane ;  to  find  when 
it  will  be  supported. 

5.  To  find  the  centre  of  gravity  of  any  curvilineal  area. 

6.  If  a  heavy  body  be  suspended  from  any  point,  it  can  only  be  at 
rest  when  its  centre  of  gravity  is  the  highest  or  lowest  possible. 
Point  out  the  different  nature  of  the  equOibrium  in  these  two 
cases. 

7*  State  the  three  laws  of  motion  and  the  evidence  on  which 
they  rest.  *' 

8.  Prove  that  *  =  "^^  and  v^  =  ^fs, 

9.  Determine  the  velocities  after  impact  of  two  elastic  bodies  im- 
pinging directly  on  each  other  with  given  velocities. 

10.  Prove  that  the  curve  described  by  a  projectile  is  a  parabola, 
and  that  the  velocity  at  any  point  is  that  acquired  by  falling  from 
the  directrix. 

11.  Find  the  direction  in  which  a  body  must  be  projected  from  a 
given  point  with  a  given  velocity,  so  as  to  hit  a  given  mark :  and 
shew  that  there  are  two  different  directions  which  will  solve  the 
problem.  Also  find  the  time  of  flight,  and  the  greatest  altitude  of  the 
projectile  above  the  horizontal  planet 
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18.  The  velocity  acquired  in  falling  down  a  system  of  inclined 
planes  on  the  supposition  that  no  velocity  is  lost  in  passing  from  one 
to  another  is  equal  to  that  acquired  in  falling  down  the  perpendicular 
height  of  the  system.  How  is  this  proposition  to  be  extended  to  the 
case  of  a  curve  surface  f 


TRINITY  COLLEGE,  1827. 

L  If  the  resultant  both  of  the  forces  p  and  tn,  and  also  ofp  and 
N  be  in  the  direction  of  the  diagonals  of  the  parallelograms,  the  sides 
of  which  are  proportional  to  these  forces ;  then  will  this  also  be  true 
for  the  resultant  of  the  forces  p  and  m  +  n. 

2.  A  point  in  the  vertex  of  a  right-angled  triangle  is  solicited  by 
a  number  oi  forces  represented  in  magnitude  and  direction  by  lines 
drawn  to  equidistant  points  in  the  base ;  required  the  magnitude  and 
direction  of  the  resultant 

3.  Given  the  magnitudes  of  three  forces  acting  on  a  point,  and 
not  in  the  same  plane,  prove  that  the  resultant  is  the  diagonal  of  a 
parallelopiped  of  which  these  are  the  edges ;  also  find  its  magnitude 
and  the  angles  which  it  makes  with  the  components. 

4.  If  two  parallel  forces  act  in  opposite  directions,  determine  the 
magnitude  and  point  of  application  of  the  resultant.  What  will  be 
the  result  in  the  case  when  the  two  forces  are  equal? 

5.  A  beam  of  wood  of  given  weight  rests  with  one  end  on  the 
ground,  and  with  the  other  on  an  inclined  plane  ;  what  is  the  force 
necessary  to  prevent  the  plane  from  moving  ? 

6.  AC,  CB  are  the  equal  arms  of  a  straight  lever  whose  fulcrum 
is  C:  to  C  a  heavy  arm  CD  is  fixed  perpendicular  to  AB,  Prove 
that  when  different  weights  are  suspended  from  the  extremity  A,  the 
tangents  of  the  inclinations  of  CD  to  the  vertical  will  be  proportional 
to  the  weights. 

7.  Find  the  centres  of  gravity 

(i).  Of  a  triangle,  the  density  of  which  in  every  part  is  as  its 
distance  from  the  base. 

(2).  Of  the  area  of  the  logarithmic  curve  intercepted  between 
two  ordinates. 
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8.  Two  heavy  spherefl^  of  given  ditpenrioiM^  are  {daoed  in  a  boUow 
faemiapherical  basin.    Determine  their  pontion  of  equilibrium. 

9.  If  two  parallel  forces  act  in  the  same  direction  on  the  opposite 
angles  A  and  C  of  the  paiaUelogram  ABCD,  and  a  third  force  act 
on  the  point  B  in  the  direction  of  the  diagonal  BD  ;  find  the  mag- 
nitude and  point  of  application  of  a  fourth  force  which  will  keep  the 
parallelogram  at  rest. 

10.  In  what  direction  must  a  ball  be  projected  along  the  interior 
of  a  hollow  spherical  superficies,  so  that  it  may  pass  through  a  given 
point?  the  ball  being  supposed  to  be  without  weight. 

1  ] .  A  number  of  balls  of  given  weight  are  projected  at  the  same 
instant  in  giv^  directions  with  given  velocities ;  find  the  height  of 
their  common  centre  of  gravity  after  a  given  time>  and  the  highest 
point  to  which  it  will  rise. 

IS.  Water  is  to  be  raised  in  a  bucket  from  a  well  of  f^ven  depth 
by  means  of  a  given  weight  hanging  over  a  fixed  puUey.  What 
weight  of  water  must  be  raised  each  time^  so  that  the  greatest  pos* 
siUe  quantity  may  be  raised  in  twelve  hours  ? 

18.  P  draws  Q  up  a  groove  cut  out  in  an  inclined  plane;  find 
the  velocity  of  Q  at  any  point,  the  angle  which  the  string  makes 
with  the  plane  varying  at  every  point. 

14.  OA  and  OB  are  the  vertical  and  horizontal  radii  of  a  circle ; 
it  is  required  to  find  a  point  C  in  the  quadrant  AB  to  which  if  a 
tangent  be  drawn  meeting  the  radius  OB  produced  in  D,  and  a  line 
touching  the  circle  at  A  in  the  point  E,  the  time  down  DE  + 
time  of  moving  along  EA  with  the  acquired  velocity  may  be  a 
minimum. 

15.  From  the  highest  point  A  of  the  vertical  diameter  AB  of  &' 
circle,  draw  the  line  of  quickest  descent  to  the  cissoid  of  which  B  is 
the  origin  and  AB  the  axis. 

16.  A  and  B  are  two  balls  of  given  elasticity  ;  what  must  be  the 
magnitude  of  a  third  ball,  that  the  velocity  communicated  from  A  to 
B  by  the  intervention  of  this  ball,  may  equal  that  communicated  im- 
mediately from  AioB}  Determine  also  the  limits  within  which  the 
problem  is  possible. 

17.  Two  balls  are  projected  at  the  same  instant  from  two  given 
points  in  a  horizontal  plane,  and  in  opposite  directions,  so  as  to  de- 
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scribe  the  same  parabola.  What  must  be  their  relative  magnitude, 
and  their  elasticity,  so  that  after  impact  one  of  them  may  return 
through  the  same  path  as  before,  and  the  other  descend  in  a  right 
Hne? 

18.  A  hody  moyes  in  a  cycloid  the  plane  of  which  is  inclined  to 
the  horizon  at  a  ^yen  angle;  find  the  time  of  an  oscillation,  and  the 
point  where  the  velocity  perpendicular  to  the  horlEon  is  a  maximum. 


TRINITY  COLLEGE,  May  1828. 

1 .  If  two  weights  acting  perpendicularly  upon  a  lever  on  o|)po* 
site  sides  of  the  fulcrum,  have  their  distances  from  the  centre  iu- 
vefsely  as  their  weights,  they  will  balance  each  other. 

2.  Enumerate  the  definitions  and  axioms  which  are  requisite  in 
theproof  of  ^e  pveoeding  propoeitaon. 

3.  Four  weights,  1,  8,  7,  5,  are  at  equal  distances  on  a  straight 
lever.  How  far  bom  eadi  is  the  fulcrum  on  which  diey  will 
balance? 

4.  In  the  system  of  pullies  in  which  the  same  string  passes  round 
all  the  wheels,  what  is  the  proportion  of  the  power  and  weight  ? 

5.  Explain  its  construction  that  all  the  wheels  may  revolve  in  the 
same  time.    [White's  Pully.] 

6.  Explain  any  contrivance  hy  tvhich  a  reciprocating  motion 
upwards  and  downwards  may  be  converted  into  a  continued  circular 
motion. 

7.  What  is  the  use  of  a  Jty-nheel  ?  How  would  the  defect  be 
perceived  of  its  heing  too  heavy  or  too  light  ? 

8.  Explain  and  prove  the  second  law  of  motion.  Show  from  it 
that  a  projectile  will  describe  a  parabola. 

9.  On  what  assumptions  can  the  third  law  of  motion  be  deduoed 
firom  the  second  ?     Are  these  assumptions  allowable  ? 

10.  Explain  the  principal  peculiarities  in  the  different  mechani- 
cal agents  or  first  movers  which  we  can  empk>y :  gnwUy,  water,  air, 
kaU,  animal  strengths 
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TRINITY  COLLEGE,  Mat  1828. 

1 .  Assuming  that  the  resultant  of  two  forces  is  in  th€  directum 
of  the  diagonal  of  the  parallel<^;rainy  show  that  its  magmtude  is  pro- 
portional to  the  diagonal. 

2.  If  a  piece  of  wood  be  dropped  into  a  running  stream^  show 
that  it  can  never  accurately  acquire  the  velocity  of  the  stream. 

8.  If  three  forces  keep  a  point  at  rest,  they  are  each  inrerBely  as 
the  sine  of  the  angle  contained  by  the  other  twa 

In  the  last  question  let  the  angles  be  135*,  \W^  105*:  what  is 
the  proportion  of  the  forces  } 

4.  In  rowing,  suppose  the  oar  to  be  12  feet  long:  the  handle 
moves  forward  with  the  velocity  of  1 1  feet^  the  extremity  of  the 
blade  moves  backward  with  a  velocity  of  1  foot ;  the  row-lock  is  2| 
feet  fxook  the  handle.  Compare  the  puU  of  the  rowers  with  the  force 
exerted  against  the  water  by  the  boat 

5.  In  the  annexed  system  of  pullies,  compare 
P  and  jr. 

In  this  system  of  pullies,  show  that 
P:  W  ::  fT'svelodty  :  P'svdodty. 

6.  Oat  of  a  square,  a  triangle  is  to  be  cut, 
having  one  side  for  its  base,  so  that  die  centre 
of  gravity  of  the  remaining  portion  may  be  at 
its  vertex. 

7.  The  sum  of  the  products  of  each  particle 
into  the  square  of  its  distance  from  the  centre 
of  gravity,  is  kss  than  the  same  sum  for  any 
other  point 

8.  If  in  a  two-wheeled  carriage  the  centre  of  gravity  be  before 
and  beUm  the  axle-tree,  compare  the  pressure  on  the  horse  on  a  hori- 
«mtal,  ascending  and  descending  road. 

9.  On  the  inclined  plane  what  is  the  relation  between  the  force 
and  weight  in  the  case  of  equilibrium  ? 

In  this  case  if  friction  be  ^  of  the  pressure,  what  are  the  limits 
withm  which  the  power  may  vary  without  having  the  equilibrium 
destroyed? 


Op 
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]  0.  Two  unequal  spheres  of  the  same  material  are  placed  together 
in  a  hemispherical  howl ;  find  the  position  of  their  points  of  contact 
with  the  howl. 

1 1.  Any  numher  of  forces  heing  given^  to  reduce  them  to  two 
sets  of  forces,  one  set  heing  in  a  given  plane^  and  the  other  perpen- 
dicular to  it. 

12.  A  regular  tetrahedron  A  BCD  is  acted  on  hy  forces  in  the 
directions  of  its  edges^  vi^.  AB,  AC,  AD,  BC,  CD,  DB ;  reduce 
these  forces  to  two^  and  show  that  the  reduction  to  one  is  im« 
possible. 

13.  Find  the  centre  of  gravity  of  a  figure  bounded  by  the  arc  of 
a  parabola,  its  directrix,  and  two  lines  parallel  to  the  axis. 

14.  Four  beams  of  equal  length  and  weight  are  placed  so  as  to 
form  a  regular  roof:  having  given  their  position,  find  the  pressure  in 
the  direction  of  each,  and  the  weight  which  will  be  supported  at  each 
angle. 

15.  An  umbrella  has  eight  straight  ribs :  supposing  the  ends  of 
these  to  be  connected  by  strings,  compare  the  force  which  pushes  the 
slider  along  the  stick  with  the  force  which  stretches  these  strings. 

16.  A  picture  suspended  by  means  of  a  string  fastened  to  two 
points  in  its  upper  edge  and  passing  over  a  nail,  hangs  asketv:  has  it 
a  tendency  to  slip  to  or  from  the  horizontal  position,  and  what  fric- 
tion on  the  nail  will  resist  this  tendency  ? 

17.  Prove  the  expressions  *  =  hj^t  ^^  =  ?/*• 

18.  If  a  body  fall  through  a  distance  a  at  two  different  places^ 
and  if  the  time  of  falling  at  one  of  them  be  f'  less,  and  the  velocity 
acquired  m  feet  greater  than  at  the  other^  compare  the  force  of  gravity 
at  the  two  places* 

19.  In  an  invented  parabola  the  time  of  descending  down  any 
chord  from  a  point  P  to  the  lowest  point  is  equal  to  the  time  of  de- 
scending vertically  to  a  horizontal  line  which  is  at  a  distance  below 
the  vertex  equal  to  the  latus  rectum. 

20*    A  perfectly  elastic  body  is  projected  from  a  point  in  an  in* 

dined  plane :  a  being  the  angle  at  which  it  must  be  projected  so  that 

after  striking  the  plane  it  may  be  reflected  vertically  upwards, 

Stan./ 4- cot.  f 
tan.«  =  -^ • 
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21.  A  beam  is  1  foot  square :  a  string  is  wrapped  3  times  round 
it,  and  bangs  S  feet  below  die  beam  with  a  weight  at  its  end:  what 
horizontal  velocity  must  be  given  the  weight  that  it  may  entirely 
aawrop  the  string  ? 

^.     The  dme  of  falling  down  any  portion  of  a  cycloidal  arc  is 

fia 

f  where  a  is  the  radius  of  the  generating  circle^  and  0  the 


9      Ua, 


angle  obtained  by  describing  a  circle  on  die  original  abscissa  and  cut- 
ting off  an  arc  of  it  by  a  horizontal  Ikie  passing  through  the  place  of 
the  body. 

23.  If  the  ends  of  a  bow  be  always  at  the  same  distance  from  the 
middle,  and  the  string  always  equally  stretched,  show  that  the  time 
of  die  arrow  coming  up  to  the  bow  is  the  same,  however  far  the 
bow  be  dn|wn. 

TRINITY  COLLEGE,  June  1829. 

1.  Enuhbrate  the  various  kinds  of  levers. 

2.  Explain  the  constructions  of  the  common  steel-yard,  and  of 
the  weighing  machine  used  at  toll-houses. 

3.  What  contrivances  are  used  to  convey  rotatory  motion  with  a 
change  of  direcdon  ? 

4.  Describe  the  various  kinds  of  crank  used  in  machinery. 

5.  What  are  the  circumstances  under  which  force  is  required  to 
be  applied  in  prindng  ?  How  is  the  purpose  effected  in  the  Stanhope 
Press? 

6.  Describe  the  contrivances  used  to  produce  parallel  molion  in 
machines,  and  assign  the  proper  relation  between  the  parts  in  con- 
nexion. 

7.  Describe  the  construction  of  a  roof  with  a  tye-beam,  king- 
post, and  queen-post.    What  are  the  uses  of  these? 

8.  What  is  the  supposition  made  in  the  common  theory  of  the 
arch  ?    How  does  it  appear  to  be  insufficient  ? 

9*  Explain  the  method  of  finding  the  position  of  the  centre  of 
gravity  of  any  number  of  given  connected  material  pointe.  Apply  it 
to  find  that  of  a  triangular  lamina  of  uniform  thickness. 


/N 
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10.  Explain  the  meUiod  of  indiviidUeSy  and  show  that,  when  in- 
cautioualy  used,  it  may  lead  to  etroneous  lesalts  in  questions  like  the 
last. 

11.  In  the  direct  impact  of  two  perfectly  inelastic  hodies  A  and 
Bi  estimating  the  effects  in  the  direction  of  ^'s  motion, 

A'\'  B  :  A  : :  relative  yelocity  :  velocity  gained  by  B. 

12.  If  chords  be  drawn  in  a  circle  from  the  extremity  of  that 
diameter  which  is  vertical,  the  velocities  which  bodies  acquire  by 
falling  down  them  are  proportional  to  their  lengths,  and  the  times 
of  descent  are  equal. 


TRINITY  COLLEGE,  June  1829. 

1.  AflsuMiNa  that  when  two  forces,  acting  simultaneously  on  a 
point,  are  equal,  the  direction  of  the  third  force  which  balances  them 
bisects  the  angle  between  the  directions  of  those  two  forces,  prove 
in  general  that  the  force  which  balances  two  other  forces  is  repre- 
sented, in  direction  and  in  magnitude,  by  the  diagonal  of  the  paral- 
lelogram, the  two  adjacent  sides  of  which  represents  the  individual 
forces. 

2.  Define  the  term  ''  moment  of  a  force :"  and  prove  that  the 
sum  of  the  moments  of  any  number  of  forces,  acting  on  a  point,  is 
equal  to  the  moment  of  their  resultant. 

S.  How  does  the  force  requisite  to  draw  a  carriage  wheel  over 
a  small  obstacle  vary,  supposing  the  weight  of  the  carriage  supported 
on  the  axis  of  the  wheel  ? 

4.  Explain  the  principle  of  the  graduation  in  the  common  and 
in  the  Danish  Steelyard. 

5.  Determine  the  ratio  of  the  power  to  the  weight  in  the  first 
system  of  puUies,  including  the  weights  of  the  blocks. 

6.  A  mass  of  a  given  weight  being  placed  on  an  inclined  plane 
determine  from  the  requisite  data, 

(1).  the  force  which  will  just  prevent  it  from  sliding  downwards, 

(2).  that  which  just  set  it  in  motion  upwards. 
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7*  Investigate  the  conditions  of  equilibrium  in  the  wedge^  and 
show  what  mechanical  advantage  is  gained  by  using  that  instrument 
as  it  is  commonly  employed. 

8.  Prove  that  the  altitude  of  the  centre  of  gravity  of  any  pyra-' 
mid  is  one  fourth  of  that  of  the  pyramid  itself^  the  base  being  sup- 
posed horizontal. 

9.  A  given  weight  Q  hanging  over  a  pulley  balances  another 
weight  P  resting  at  any  point  of  a  curved  surface;  required  the 
form  of  the  surface. 

10.  Find  the  equation  to  the  catenary  between  a:  and  s,  begin- 
ning at  the  lowest  point. 

1 1 .  Describe  briefly  the  experiments  made  by  Attwood^  with  the 
machine  invented  by  him^  to  verify  the  laws  of  motion. 

12.  Distinguish  between  accelerating  force  and  moving  force. 
IS.     Eicplain  the  proposition  or  axiom:    Reaction  is  equal  and 

opposite  to  action. 

I4f.  In  the  collision  of  two  masses  A  and  B,  having  an  elasticity 
which  is  to  perfect  elasticity  as  1  —  ■  I  1>  determine  the  velocities 
after  impact^  and  the  vis  viva  lost. 

15.  Investigate  the  equations  of  motion^ 

ds    ^     dv 

16.  A  mass  P  hanging  over  a  pulley  draws  another  Q  horizon- 
tally along  a  plane  surface.  The  friction  of  Q  being  -th  of  the 
pressure^  determine  the  accelerating  force  on  P, 

17.  A  material  point  being  projected  in  vacuo  with  a  given  ve- 
locity in  a  given  direction^  determine^ 

(1).  Its  place  at  the  expiration  of  any  given  time  from  the  be- 
ginning of  its  motion ; 

(^2).  The  nature  of  the  path  which  it  describes. 

18.  When  a  mass  is  projected  directly  upwards  or  downwards 
from  a  given  point  with  a  given  velocity,  the  equation  fwm  which 
the  time  of  its  reaching  any  given  height  is  to  be  determined,  being 
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^^    a  quadratic  equation,  gives  two  values  for  the  time^     Explain  tbese 
i^    in  all  the  different  cases. 

19.     Determine  the  time  of  oscillation  in  a  cjcloidal  arc. 

^0.     Explain  the  contrivance  used  by  clock  makers  to  assimilate 


p» 


^"^1  the  motion  of  a  common  pendulum  to  that  of  a  cycloidal  one. 

j  21.     A  pendulum,  which  should  beat  seconds,  is  found  to  lose  lO'^ 

"''^j  a  day.     Determine  the  quantity  by  which  it  should  be  lengthened 

^^j  or  shortened. 

I  23.    Explain  the  principle  of  the  mercurial  compensation  pendu* 

f^i  lum. 


ith: 
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e! 


TRINITY  COLLEGE,  May  1830. 

» 

1 .  If  two  forces  acting  at  any  angles  on  the  arms  of  any  lever 
are  inversely  as  the  perpendiculars  from  the  fulcrum  upon  their  direc- 
tions, they  will  balance  each  other. 

2.  Show  how  to  graduate  the  common  steel-yard. 

S.  Describe  Smeaton*s  system  of  pullies,  and  mention  its  peculiar 
advantages. 

4.  Required  the  ratio  of  the  moment  of  P  to  the  moment  of  W 
in  toothed-wheels. 

5.  If  the  equilibrium  in  the  single  moveable  pully  with  strings 
not  parallel  be  disturbed  in  a  small  degree,  -Ps  velocity  will  be  to 
W^'sas  WioP. 

6.  Find  the  centre  of  gravity  of  any  number  of  bodies  /*,  V,  P", 
&c  considered  as  points  in  the  same  straight  line. 

7.  From  the  first  and  second  laws  of  motion,  infer  what  the  effect 
will  be  of  communicating  to  any  mass  given  velocities  in  two  dif- 
ferent directions  at  the  same  instant. 

8.  If  impact  take  place  between  two  imperfectly  elastic  bodies 
moving  in  the  same  straight  line,  the  momentum  gained  by  one,  will 
be  equal  to  that  lost  by  the  other. 

9.  In  what  manner  are  velocity  and  momentum,  acoelerative 
force  and  moving  force,  numerically  estimated  ? 

10.  Prove  that  if  the  acoelerative  force  be  constant. 

V  =yX,  and  *  =  "^^ 
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1 1 .  The  time  of  a  small  oscillation  in  a  circular  arc  is  Tcrj  nearly 
independent  of  the  extent  of  the  oscillation. 

12.  What  is  the  principle  of  the  dead  heat  scapemeuty  hy  which 
the  oscillations  of  a  dock  pendulum  are  maintained,  without  destroy* 
ing  the  isochionism  P 


TRINITY  COLLEGE,  May  1830. 

1.  If  three  forces  keep  a  point  at  rest,  they  are  each  directly  as 
the  sine  of  the  angle  contained  hy  the  other  two. 

2.  Without  assuming  the  properties  of  the  lever^  determine  the 
quantity  and  direction  of  a  single  force,  equivalent  to  two  parallel 
forces;  (1)  when  they  act  in  the  same  direction ;  (2)  when  they  act 
in  opposite  directions. 

3.  When  four  parallel  forces,  consisting  of  two  couples  of  equal 
and  opposite  forces,  act  in  the  same  plane  on  any  system,  and  keep 
it  at  rest,  the  couples  tend  to  tmitt  in  opposite  ways,  and  the  distance 
hetween  the  lines  in  which  the  forces  of  each  couple  act,  is  inversely 
proportional  to  the  magnitude  of  the  forces. 

4.  Required  the  proportion  of  the  power  to  the  resistance  in  the 
wedge. 

5.  Haying  given  the  dimensions  of  a  cone  placed  with  its  hase 
resting  on  an  inclined  plane,  and  the  ratio  of  friction  to  the  pressure, 
determine  whether,  upon  gradually  increasing  the  inclination  of  the 
plane,  the  cone  will  tumhle  or  slide. 

6.  When  a  weight  is  supported  on  an  inclined  plane,  hy  means 
of  another  with  which  it  is  connected  hy  a  string  passing  over  a  fixed 
puUy,  if  a  small  motion  he  given  to  the  system,  the  centre  of  gravity 
of  the  weights  will  neither  ascend  nor  descend. 

7.  Given  the  magnitudes  and  directions  of  two  forces,  P,  Q,  act- 
ing at  the  extremities  of  a  rigid  rod  AB ;  required  the  magnitude, 
direction,  and  point  of  application  of  a  single  force  R,  which  will  just 
counteract  the  other  two. 

8.  If  any  numher  of  forces  P,  P',  P",  &c.  acting  on  any  rigid 
hody  in  the  same  plane,  keep  it  at  rest,  and  from  any  point  in  that 
plane  perpendiculars  p,  p',  p'',  &c.  he  let  fall  on  their  directions, 
then  will 

Pp-f  P'p'  +  P'y'  +  &c.=0. 
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prinapU  of  puKcf. 

H).  Apply  the  principle  of  virtual  velocitieB  to  ind  tlM  peotioa 
of  rest  e€  a  uniferm  beam  of  given  leogth^  preaung  with  its  eKtrenntf 
against  a  vertical  wall,  and  leaning  on  a  prop  situated  at  a  given  dis- 
tance from  the  wall. 

11.  Find  the  centre  of  gravity  of  any  curvilinear  body. 

12.  Enunciate  Guldinus's  Properties,  and  by  means  of  them  find 
the  centres  of  gravity  of  a  semi^drcukr  area,  and  a  semi-circular  arc 

IS.  If  any  area  revolve  round  an  axis,  lying  in  its  phiie^  and 
dividing  it  into  any  two  parts^  the  differemse  between  the  solids  gene- 
rated by  the  parts;,  will  be  eq[ual  to  the  whole  area  multiplied  1^  the 
path  of  its  centre  of  gsevity. 

14.  A  chain  of  given  weight  n>  and  given  lengtih  k  u  aiqpieoded 
between  two  fixed  points  in  U^  same  hofisontal  line,  distant  from 
each  other  by  a ;  supposing  /  -«  «  to  be  very  small  compared  with  I, 
and  the  form  of  the  chain  to  be  nearly  a  circular  arc,  an  approximate 
value  of  the  tension  at  the  lowest  point  is 


fva      I     a 
2/  y6(/-. 


ay 

15.  ShowfiN>m  the  common  theory  of  the  arch,  that  if  this  beifht 
of  an  arch  be  great  compared  with  its  span,  it  requires  a  great  weight 
at  its  crovm,  to  maintain  the  equilibrium.  What  ib  the  reason  that 
this  result  of  the  eovsapi^Q  theory^  wbish  n^lf  ots  fiction,  accords 
with  what  is  the  case  in  practice  ? 

16.  The  direction  and  velocity  of  the  motion  of  the  centre  of 
gravity  of  two  bodies,  is  not  altered  by  their  impact. 

1 7.  Required  the  range  and  time  of  flight  of  a  body  projected  with 
s  given  velocity  in  a  given  direction,  at  the  foot  of  a  plane  inclined  at 
a  giv^  angle  to  the  horizon. 

16.  Prove  that  wl^en  a  W7  oycillatiog  in  a  cycloid^  receives 
a  sudden  accession  of  velocity  fi(  a  certain  point,  before  andving  at 
the  lowest  pointy  the  tim^  pf  itf  fi«|cillfition  is  as  much  diminished;,  as 
it  would  he  inqr^sed,  jf  \h(^  bo4y  receiyed  an  equal  accession  of 
Telod^at  the  san^  distance  ffom  th^  law^  pointy  after  leaving  it. 

19.    Obtain  a  seiias  fi»  the  taaffi  of  osdUa|ion  in  a  circle. 

c  2 
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IM).  Define  the  mmeni  if  inertia  a(  a  reyolving  system,  and  prove 
the  following  proposition :  the  moment  of  inertia  of  any  sjrstem, 
with  respect  to  any  given  axis,  is  equal  to  the  moment  about  an  axis 
parallel  to  this,  passing  through  the  centre  of  gravity,  plus  the^ 
moment  of  the  whole  body  (collected  in  its  centre  of  gravity)  about 
the  given  axis. 

2] .     The  centre  of  suspension  and  oscillation  are  reciprocal. 

92.  Two  equal  cylinders,  connected  together  by  a  string,  which 
winds  round  both  and  passes  over  a  fixed  pulley,  are  suffered  to 
descend  vertically  by  unrolling  from  the  string ;  it  is  required  to  find 
th^  acoeleiative  fore^  of  each,  and  the  tension  of  the  string. 

*  23.  A  point  moving  in  any  manner  in  space,  has  its  position  with* 
lesp^t  to  a  fixed  point  determined  at  a  time  t,  by  the  co-ordinates 
^>y»^l  and  it  is  acted  upon  by  the  forces  X,  Y,  Z,  in  the  directions 
of  ir,  ^,  2,  respectively ;  shew  that 

v«^,    y-*^,    7-^*^ 

^^Ifi'  ^^w  ^-"5^- 

In  the  proof  make  it  appear  that  these  equations  have  become 
known  in  consequence  of  observation  at  the  Earth's  surface  of  the 
fact,  that  gravity  communicates  the  same  velocity  in  the  same  time 
in  the  direction  in  which  it  acts,  to  any  body,  moving  in  any  direc- 
tiOQ  whatever  and  with  any  velocity* 


St.  JOHN'S  COLLEGE,  Jukb  18^1. 

>  1 .  In  a  system  of  pulleys  where  each  string  is  fixed  to  the  weight, 
and  the  strings  are  parallel,  shew  that  W^  (2"  —  1)  P.  If  the 
weight  of  the  pulleys  be  taken  into  the  account,  is  the  mechanical 
advantage  increased  or  diminished  ? 

2.  AC,  BC  are  two  inclined  planes  meeting  a  horisontal  plane 
at  the  same  point  C.  Having  given  the  inclination  of  the  planes, 
and  the  length  of  BC,  find  the  point  A  such  that  a  body  descending 
down  AC  may  just  ascend  to  the  top  of  the  plane  CB. 

S.  A  person  ascending  in  a  balloon,  lets  fall  a  stone  when  at  a 
given  height  Find  the  time  (0  of  the  stone's  reaching  the  ground, 
supposing  the  velocity  of  the  balloon  at  ihe  given  altitucle  known  ; 
and  explain  the  meianing  of  the  negative  value  of  (0- 


/7\ 
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4.  The  compressing  force  is  to  fche  force  of  elasticity  .* !  S  :  1; 
At  what  angle  must  such  a  body  be  incident  of  a  hard  plane,  that 
the  angle  between  tfa^  directions  before  and  after  impact  may  be  a 
right  angle. 

5.  A  PC,  AWB  are  two  equal  quadrants  connected  at  ^  it  and 
baving  their  planes  vertical,  P  and  W  are  two  weights  eonneoted  by 
a  string  passing  over  a  pulley  at  A,  the  string  AP  passes  along  the 
curve  through  a  groove  while  W  hangs  freely.  Having  given  the 
position  of  P,  find  the  position  of  W  when  there  is  an  equilibrium. 

6.  A  circle  has  chords  drawn  from  the  extremity  of  its  diameiei; 
which  is  at  right  angles  to  a  horizontal  plane.  Find  that  chord 
down  which  an  imperfectly  elastic  body  descending  and  reflected  by 
the  horizontal  plane  may  describe  the  greatest  horizontal  range,  and 
Imowing  the  degree  of  elasticity,  find  the  range. 

7.  A  stringy  having  its  extremities  fixed  to  the  e^d  of  a  cylindrical 
bar  of  uniform  density  whose  weight  is  known,  passes  over  four 
tacks  so  as  to  form  with  the  bar  a  regular  hexagon,  the  bar  being 
horizontal.  Find  the  tension  of  the  string,  and  the  vertical  pressure 
on  each  tack. 

8.  A  beam  AB  a£  given  length  and  weight,  rests  with  one  end 
cm  a  given  inclined  plane,  and  the  other  attached  to  a  string  AFP 
passing  over  a  pulley  at  F  given  in  position.  Knowing  the  weight 
P  fixed  to  the  other  end  of  the  string,  find  the  position  in  which  the 
beam  rests. 

9.  jiFB  is  a  cycloid  with  its  axis  DF  vertical,  and  vertex  V 
downwards,  EOF  parallel  to  the  base,  and  bisecting  the  axes  in  O. 
At  £  and  jP  are  two  vertical  hard  planes.  Show  that  a  body  d^ 
scending  from  E  with  the  velocity  acquired  in  falling  down  a  vertical 
space  equal  to  EG,  wiU  by  being  reflected  at  F  and  £  continually 
describe  the  same  path ;  and  find  the  interval  between  its  leaving  E 
and  returning  to  it. 

10.  A  bo4y  suspended  by  a  string  oscillates  on  an  inclined  plane 
through  a  semicircle. whose  diameter  is  horizontal;  find  the  tension 
of  the  string  at  any  point,  and  the  law  of  its  variation  at  any  point 
for  diflferent  incliiuitions  of  the  plane. 

11.  Shew  how  the   foUowbg  equations   for  determining  th^ 
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motioB  of  a  body  acted  on  by  a  constant  force  are  denved 

and  explain  what  each  of  the  letters  S,  T,  V,  F,  represent. 

12.  If  the  interior  of  two  circles  which  touch  internally  he  taicen 
away,  and  the  xemainder  Tibrate  edgeways  round  an  axis  passing 
through  the  pobtt  «f  contact,  find  the  centre  of  oscillation* 

IS.  A  hody  ^eseends  down  the  azc  of  a  parabola,  whose  plane  is 
wcaalkal  and  aaes  horisontal,  and  is  acted  upon  by  gravity  and  a  re« 


pulsive  force  tending  from  the  focus  which  varies  as  jr: — r^.     Find 

Hhe  Telocity  at  any  point. 

14^  If  a  body  describe  from  rest  any  part  of  a  curve  AB  on  an 
inclined  plane,  the  velocity  at  B  will  equal  the  velocity  acquired  in 
falling  through  a  vertical  space  equal  to  the  perpendicular  depth 
of  B  below  A,  and  the  time  of  describing  ^B  on  the  plane  :  time  of 
deseiihing  AB  (were  llie  phne  vertieal)  ::  V^sioa  iadina^n) 
:  radius. 

15.  If  any  weights  A,  B,  C,  act  upon  a  machine,  and  put  it  in 
motion,  and  «,  y,  z  be  the  spaces  described  in  tfie  direction  of  gravity, 
a,  i,  c  the  actual  velocities  of  the  weights,  m  =s  16^^  feet,  then 

^m{Ax  +  By  +  C2)  «  il^  +  W»  +  C««. 

16.  Apply  the  above  {noposition  to  find  llhe  greatest  angular 
velocity  that  can  be  acquired  by  die  lever  ACB  whose  arms  CA,  CB 
are  equal  and  at  right  angles  to  each  other,  CA  being  at  first 
horizontal,  and  the  density  of  the  arms  varying  as  the  distance 
fixnn  C 


St.  JOHN'S  COLLEGE,  Mat  SO,  1822. 

1.  I»  two  weights  bslanoe  each  other  on  a  straight  lever  in  one 
pontion  of  the  lerer,  they  wiH  halance  in  aU  poritions.  How  far  is 
this  true  of  a  hent  lever? 

«.  There  are  n  weights  a,  b,  c,  &c  in  geometric  pmgicssion,  and 
(«)pta«dat^OBeext««rityof  aleycrb«l«nces(6)  placedatB. 
th.  other  extremity.  P„.e  that  a  weight  -  the  «-  1  ftrst 
weMjhts  rf  p.ace<i  at  ^  wiU  baUnce  a  weight  =  the  «  - 1  last 
weights  at  J5.  -o  . 
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3.  In  the  annexed  system  the  strings  are 
parallel^  the  pulleys  A  and  B  are  fixed^  and 
£>,  E,  F  are  moveahle.  Find  the  ratio  of 
P  :  fV,  and  the  pressures  at  A,  B,  C,  when 
there  is  an  equilibrium. 

4.  GiyeQ  that  the  distance  of  the  centre 
of  gravity  of  a  eone  from  the  vertex  is  jths 
of  the  axis.  End  the  centre  of  gravity  of  a 
conic  frustum^  the  radii  of  who(^  bases  are 
R  and  r,  and  altitude  h. 

5.  P  and  W  are  weights  fixed  to  the 
ends  of  a  ^ven  circular  arc>  which  is  placed 
with  its  plane  vertical  on  a  plane  indined 
to  the  hori«m  at  an  angle  (0).     Shew  that  it  will  rest  with  the 
chord  paraUd  to  the  plane^  when 

P  :  fF  : :  a  —  6  tan.$  :  a  +  6  tan.d; 
(a)  being  the  sine  and  (fi)  the  versed  sine  of  half  the  arc. 

6.  ADB  is  a  semicircle^  AB  the  diameter,  DC  the  sine  of  BD. 
An  inelastic  body  moving  uniformly  along  AD,  impinges  on  the 
plane  CD ;  prove  that  it  will  move  uniformly  along  DC,  and  that 
the  time  along  DC  will  vary  as  tax^BD. 

7.  Define  uniform  force,  and  prove  that  the  space  described  from 
rest  by  a  body  acted  on  by  an  uniform  force  varies  as  the  square  of 
the  time ;  and  point  out  in  the  proof  where  it  is  assumed  that  the 
force  is  uniform,  and  that  the  space  is  reckoned  from  the  beginning 
of  the  motion. 

8.  The  sides  AB,  CD  of  a  billiard  table  are  parallel,  and  an 
imperfectly  elastic  ball  struck  from  a  point  C  in  one  side,  impinges 
at  jE  in  the  other,  and  is  reflected  to  2>  in  the  first  side.  Shew  that 
Ume  along  CE  :  time  along  ED  : :  force  of  elasticity  :  force  of 
compression. 

9.  With  what  weight  must  a  given  weight  P  be  connected  by  a 
string  passing  over  a  single  fixed  pulley,  so  as  to  describe  the  same 
tge^ce  in  a  given  time  as  when  it  descends  freely  down  a  given 
inclined  plane  ? 

10.  BDC  is  a  flemi-cydrnd  with  the  axis  i^C  vertical;  FDE,  CE 
tie  tangents  at  D  and  C.    Find  D,  «o  that  the  time  down  FE  + 
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time  along  EC  with  the  velocity  acquired  down  FE  may  be  a 
minimum. 

11.  If  an  inelastic  body  move  uniformly  along  one  side  of  a 
regular  polygon,  shew  that  it  yviiHX  continue  to  describe  the  other 
sides  uniformly,  but  with  velocities  decreasing  in  geometric  pro- 
gression; and,  in  the  case  of  a  hexagon,  shew  that  the  time  of 
describing  the  first  side  :  time  of  describing  the  last  : :  1   :  32. 

12.  If  a  body  be  projected  up  a  plane  AC  inclined  at  ^&*  to  the 
horizon  with  the  velocity  acquired  in  falling  down  a  vertical  space 
:=  AC,  find  the  range  AD  on  the  horizontal  plane  passing  through 
the  point  A,  Determine  also  the  time  between  its  leaving  the  point 
of  projection,  and  meeting  the  horizontal  plane. 

IS.  When  W  is  raised  by  P  in  the  wheel  and  axle,  find  the 
pressure  on  the  axis,  neglecting  the  inertia  of  the  machine. 

14.  If  two  bodies  whose  weights  are  as  2  :  3,  oscillate  one  in  a 
semicircle,  and  the  other  in  a  cycloid,  the  whole  tensions  of  the  two 
strings  at  any  given  inclination  of  them  to  the  horizon  will  be  equal; 
the  motion  in  each  case  beginning  from  the  highest  point. 

15.  The  points  A,  B,  C,  &c.  are  taken  equidistant  from  each 
other  in  the  vertical  line  AS,  A  body  half  elastic,  beginning  its 
descent  from  A,  impinges  on  a  perfectly  hard  horizontal  plane  at  B, 
and  in  its  second  descent  against  another  at  C,  and  so  on.  Find  the 
space  described  between  the  {n  ^  I  )th,  and  nth  rebounds,  and  the 
time  of  describing  it. 

•  16.  AB,  CD  are  two  vertical  planes,  BD  is  horizontal.  A  per- 
fectly elastic  ball  projected  from  A  is  reflected  by  the  planes  CD 
and  BD  to  A.  Find  BD ;  having  given  AB,  and  the  velocity  and 
direction  of  projection. 

17.  Two  equal  bodies  begin  their  descent  at  the  same  instant 
down  a  plane  inclined  at  SO®  to  the  horizontal  plane,  and  in  direc- 
tions perpendicular  to  the  common  section  of  the  two  planes.  One 
of  them  after  descending  half  way  is  reflected  by  a  perfectly  elastic 
plane  inclined  at  45®  to  its  course.  Find  the  nature  and  dimensions 
of  the  path  traced  out  by  their  common  centre  of  gravity. 

18.  In  a  system  of  («)  ejual  wheels  and  axles,  where  Wk  raided 
by  a  power  applied  at  the  circumference  of  the  first  wheel ;  find  the 
force  accelerating  fV,  and  the  tension  of  the  string  to  which  W  is 
attached;  m  being  the  weight  of  each  wheel  with  its  axle,  d  the 
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distanoe  of  the  centre  of  gyration  from  the  Bxia,  and  r  :  I  the  ratio 
of  the  radii  of  each  wheel  and  axle. 

19.  AB  is  the  diameter  of  a  circle^  C  the  centre^  CD  peipendi* 
cular  to  the  plane  of  the  circle^  which  vibrates  about  an  axis  passing 
through  D  parallel  to  AB.    Find  the  centre  of  oscillation. 

20.  Supposing  the  above  circle  to  move  parallel  to  itself^  with  its 
centre  in  the  line  CD,  and  thus  generate  a  solid ;  find  the  locus  of 
A  and  B,  that  every  section  of  the  solid  perpendicular  to  CD,  may 
oBcOIate  in  the  same  time  as  a  pendulum  whose  length  is  (/),  the  axis 
of  su^ension  remaining  the  same. 


St.  JOHN'S  COLLEGE,  1824. 

1.  Explain  how  the  densities  and  magnitudes  of  bodies,  and  the 
quantity  of  matter  they  contain,  are  numerically  expressed,  and  from 
thence  deduce  the  equation,  which  shows  the  relation  subsisting 
between  them. 

2.  From  what  experiments  is  it  inferred,  that  when  the  same 
/            force  is  impressed  upon  different  bodies,  it  communicates  to  them 

.  velocities,  which  are  inversely  proportional  to  their  quantities  of 

matter,  and  how  do  you  reconcile  this  law  with  the  fact,  that  th6 
force  of  gravity,  which  is  every  where  the  same,  communicates  the 
same  velocity  to  bodies  of  different  magnitudes  ? 

3.  Action  and  re-action  are  equal,  and  in  opposite  directions. 
Explain  fully  what  is  meant  by  action,  and  what  by  re-action,  and 
illustrate  your  explanation  by  stating  the  experiment,  which  in 
Wood's  Mechanics  is  advanced  as  a  proof  of  this  law. 

4.  AC  and  BD  are  two  beams,  whose  weights  are  given,  move- 
able in  a  vertical  plane  about  the  fixed  points  A  and  B,  BD  rests 
upon  ^C  as  a  prop.     Find  the  position  of  equilibrium. 

5.  An  imperfectly  elastic  body  descending  vertically  from  rest, 
meets  an  horizontal  plane,  which  Ls  moving  uniformly  in  an  opposite 
direction ;  having  given  the  distance  between  the  plane  and  the  body 
at  first,  and  the  degree  of  elasticity,  find  what  must  be  the  velocity 
of  the  plane,  so  that  the  body  may  return  to  the  point,  from  which 
it  fell. 

6.  If  perpendiculars  be  drawn  from  any  number  of  bodies  to  a 


If 
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gi?en  pbne,  the  fom  of  tbe  piodvcU  of  each  bodj,  muUiflied  bj  its 
perpendicular  distance  from  the  plaa^  is  equal  to  the  product  of  the 
sum  of  all  tiie  bodies  multiplied  by  the  perpebdicular  distance  of 
thebr  oommoa  centre  of  granty  fitom  the  plane. 

7.  Haying  given  the  hei|^t  and  the  breadth  of  a  house,  find  the 
equatioDj  ftom  which  may  be  determined  sudi  an  deration  of  its 
rooC  that  a  body.  bqpBniag  to  descend  from  its  summit,  may  talk 
upon  the  gxoand  at  the  greatest  posnble  distance  from  the  bottom  of 
the  house. 

8.  Explain  what  is  meant  by  a  state  of  stable  and  of  unstable 
equilibrium,  and  supposing  a  semi-ellipsoid  to  rest  upon  its  yertez, 
what  must  be  the  ratio  between  its  major  and  minor  axes,  that  it 
may  just  rest  in  a  state  of  stable  equilibrium  ? 

9.  S  and  S^  are  two  centres  of  force  varying  as  -r^, — r;»  and  their 

intoisities  are  equal.  A  body  b^;ins  to  descend  from  a  pmnt,  which 
is  at  an  equal  distance  from  them  both.  Find  its  path  and  velocity 
at  any  point. 

10.  Suppose  (as  in  die  previous  question)  that  the  distance  of  the 
points  from  which  the  body  begins  to  fall,  had  been  at  an  inconsider- 
able <^iftnnf*^  from  the  straight  line  joining  S  and  y,  find  the  time  of 
the  body's  ofdUation. 

11.  To  find  the  centre  of  oscillation  of  a  cube,  vibrating  about  an 
axis  coincident  with  one  of  its  edges. 

12.  A  solid  of  revolution  stands  with  its  axis  vertical.  An  elastic 
string,  whose  weight  is  given,  having  its  two  ends  connected  to- 
gether, and  thus  forming  a  kind  of  flexible  ring,  is  thrown  over  it, 
and  being  acted  upon  by  gravity,  descends  till  it  rests  in  an  horison- 
tal  position.  Find  its  position  of  equilibrium,  and  shew  also  what 
must  be  the  nature  of  the  curve,  that  it  may  rest  at  all  altitudes. 


St.  JOHN'S  COLLEGE,  May  1825. 

1.  Ck>NBTRuoT  the  common  balance,  and  shew  that  if  («)  bo  the 
angle  at  which  the  arms  are  inclined,  and  that  P  and  Q  when  in 
equilibrium  sustain  the  lever  at  an  angle  B  with  the  hori«m, 

tan-iJ-p-pQ-cotg. 
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fL  An  ftppBeen^  pound  weifM  is  weighed  «t  each  end  of  a  ftke 
balaaoa;  the  whole  when  exenaed  is  found  to  centain  2)  Ihs.  Re- 
cked the  ntio  of  the  anai- 

3.  A  given  triangle  without  weig|bt  reaU  hoximmkelly  oq  three 
praps  phned  «t  il»  anguler  peiatt ;  find  a  point  in  it  firem  which,  if 
a  given  wdght  he  suspended^  the  pressureB  on  the  thsee  pi^^  maj  be 
ia  a  govern  zatio  to  «aeh  other. 

4.  FtmSi  fTaiieMppertied on  a  wheeled  axl^  P  hy  b  string 
pailsing  round  the  wheels  fTby  a  moveahle  pullej  whose  strings  are 
paralld,  one  of  which,  as  P  descends,  winds  on  the  wheel  and  the 
ether  eff^die  nde.  Requineddie  radoof  P  to  fT in  case  of  equili- 
hrioin,  and  point  cmt  the  advantage  of  this  system. 

5.  Find  the  ratio  of  P  to  Win  the  sin^e  moveable pullej ;  and  if 
P  descends,  find  the  curve  which  is  the  loons  of  W,  Is  the  ahove  a 
case  of  stable  equilibrium  f 

6.  iniieitigatedwcQikdxttonsofequiliMsminlheindlinedpto 
widhoot  having  seeourae  to  the  oDnpositian  of  iotatB. 

7.  Find  the  quantity  and  direction  of  the  force  exerted  by  a  door 
of  given  weight  and  dimensions  on  each  of  its  hinges. 

8.  A  quadrant  being  placed  vertically,  a  chain  of  given  weight 
is  laid  on  the  arc  and  coincides  with  it.  Required  the  force  necessary 
to  keep  it  from  sliding  down. 

9.  Required  the  radius  of  the  least  sphere  on  which  a  given 
oblate  spheroid  can  rest  in  a  position  of  permanent  equilibrium. 

10.  State  the  principle  of  virtual  velocities,  and  prove  it  in  the 
case  of  the  inclined  plane. 

11.  A  row  of  (n)  elastic  balls.  A,  B,  C,  &c.  is  placed  in  a  right 
line.  Required  their  ratio,  so  that  the  motion  of  A  may  aft^  impact 
be  equally  divided  among  the  bodies. 

12.  An  elastic  sphere,  after  impinging  on  a  harder  plane  (not 
smooth)*  is  observed  to  move  off  at  an  angle  equal  to  the  angle  of  in- 
eidenoe*     Required  the  sphere's  elasticity. 

13.  A  weight  {w)  is  connected  by  a  string  passing  over  a  fixed 
pulley  wiith  a  number  of  equal  balls  (n),  placed  in  a  vertical 
cylinder  whose  diameter  equals  that  of  the  balls.  They  are  eon- 
nected  to  e^A  other  by  elastic  thnsads  e^ial  ai^d  given  in  length. 
Bequiffpd  the  velocity  of  (w)  when  («)  baUs  are  drawn  up^  and  die 
number  required  to  destroy  (fp/s  velocity. 
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14.  Find  the  locus  of  all  the  points  to  which  a  hody  will  descend 
in  ihe  «une  time  on  a  straight  line  drawn  from  two  gi?en  points. 

15.  Find  the  line  of  quickest  descent  fiom  the  focus  to  the  curve 
of  a  parabola  whose  axis  is  vertical. 

16.  Make  a  body  osollate  in  a  given  cycloid^  and  find  the  actual 
time  of  oscillation. 

17.  If  9  be  the  angular  distance  from  the  lowest  point  of  a  circu- 
kr  arc^  shew  that  the  force  in  the  direction  of  the  curve  is  to  that  in 

the  direction  of  the  chord  as  2  co8.r  :  1. 

18.  If  a  ball  whose  elasticity  :  perfect  : :  it  :  1  be  projected  in 

vacuo^  at  an  Z  B,  with  velocity  F;  prove  that  the  sum  of  all  the  hori- 

r«sin.2d 

sontal  ranges  =  -rt r»  g  =  gravity. 

g  {i  —  ft; 

10.    Explain  the  principle  of  the  rifle  barxeL 

90.    dived  the  increase  of  length  in  a  rope  stretched  horuontally 

by  its  own  weights  ;  find  its  increase  of  length  when  hung  vertically. 


ST.  JOHN'S  COLLEGE,  1826. 

1.  If  a  body  be  kept  at  rest  by  three  parallel  forces,  shew  that 
they  are  in  the  same  plane,  and  any  two  of  them  are  to  each  other 
inversely  as  their  distances  from  the  third. 

2.  The  force  requisite  to  draw  a  wheel  over  a  small  obstacle 
varies  nearly  as  the  square  root  of  the  height  of  the  obstacle.  Re- 
quired proof. 

S.  Find  the  conditions  of  equilibrium  when  a  body  moveable 
about  a  fixed  axis  is  acted  on  by  any  number  of  forces. 

4.  ^  is  sustained  on  the  circumference  of  a  vertical  circle  by 
means  of  a  string  going  over  a  pulley  at  the  highest  point  from  which 
P  is  suspended.  Given  the  ratio  of  P  to  W,  find  the  position  of 
equilibrium,  and  determine  whether  it  is  stable. 

5.  Prove  in  the  case  of  the  inclined  plane  that  the  power  :  weight. 
: :  weight's  velocity  :  powcr^s. 

6.  If  a  force  act  on  a  body  in  free  space,  shew  that  the  motion  of 
the  centre  of  gravity  is  the  same  at  whatever  part  of  the  body  the 
force  is  applied. 
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7>  Find  the  centre  of  gravity  of  a  conical  glass  and  of  a  hemi- 
spherical bowL 

8.  A  cylinder  rests  on  a  sphere  with  its  axis  vertical.  Under 
what  limits  of  the  base  and  altitude  will  the  equilibrium  be  per- 
munent  ? 

9.  Two  elastic  balls  {A  =  SB)  are  placed  on  a  horixontal  table. 
A  impinging  with  a  given  velocity  on  B  at  rest  drives  it  perpendicu- 
larly against  a  hard  vertical  plane>  and  it  meets  A  in  returning  at 
half  its  original  distance.  Required  the  elasticity  of  the  balls^  and 
time  of  motion. 

10.  A  rod  of  given  length  and  weight  projects  obliquely  from  a 
wall :  its  upper  extremity  is  sustained  by  two  strings  of  given  length, 
which  are  fixed  to  two  given  points  in  the  wall.  Required  the  ten- 
sion of  each  string. 

1 1.  Given  the  weight  which  a  beam  of  given  weight  and  dimen- 
sions can  sustain,  find  the  dimensions  of  a  similar  beam  of  the  same 
materials  which  will  sustain  the  greatest  weight 

12.  JOefine  uniform  force,  and  thence  deduce  the  equations 
r=  FTs  and  ^  =  i  TF.  Explain  the  symbols,  and  state  whether 
S  and  V  begin  from  0,  and  why. 

13.  State  and  prove  distinctly  the  third  law  of  motion. 

14.  A  hoUofv  cylinder  of  given  weight  is  placed  with  its  axis 
horijBontaL  A  string  of  given  length  is  Jixed  to,  and  wound  round 
it;  and  to  the  extremity  of  which  P  being  attached  is  sufiered  to  de- 
scend.    Find  the  height  to  which  P  rises  on  its  ascenU 

15.  Given  the  velocity  of  projection,  find  the  direction  so  that  the 
projectile  may  pass  through  a  given  point  (without  the  aid  of  the 
parabola). 

16.  Given  the  point  of  projection,  find  the  velocity  and  direction, 
so  that  the  projectile  may  pass  through  a  given  point  and  strike  the 
ground  in  another  given  point. 

17.  A  parabola  being  placed  with  ito  axis  vertical  and  vertex 
downwards,  from  what  point  in  the  extreme  ordinate  must  an  elastic 
baD  be  let  fall  so  that  after  impinging  six  times  on  the  curve  it  may 
return  to  the  same  point  ? 
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St.  JOHN'S  COLLEGE,  May  1828. 

1.  Statb  fully  the  second  law  of  motion,  and  mention  some  of 
the  observations  by  which  it  is  established. 

2.  A  body  is  moving  in  a  given  direction  with  a  given  velocity  ; 
required  the  direction  in  which  another  given  velocity  less  than  the 
former  must  be  communicated  to  it,  so  as  to  make  the  greatest  altera- 
tion in  the  direction  of  its  motion.     And  required  its  new  velocity 

'  and  direction. 

9.  In  the  direct  impact  of  perfectly  elastic  bodies,  lihe  sum  of  the 
products  of  the  bodies,  and  the  squares  of  the  velocities,  is  the  same 
before,  and  after  impact. 

4.  Two  weights  P  and  Q,  balance  each  other  upon  the  surface 
of  a  given  sphere  by  a  string  of  given  length,  passing  over  the  vertex. 
Required  the  position  of  equilibrium. 

5.  Find  the  centre  of  gravity  of  the  arc  of  a  semi-cycloid. 

6.  Required  to  project  a  body,  whose  elasticity  is  to  perfect  elas- 
ticity : :  w  :  1,  from  a  given  point  in  the  circumference  of  a  circle, 
so  that  after  two  reflections  against  the  curve,  it  may  return  to  the 
same  point  ,*  and  to  shew  that  the  times  of  describing  the  first  ^nd 
last  chords,  are  as  m  :  1. 

7.  A  body  being  projected  down  an  inclined  plane  with  the  velo- 
city which  would  be  acquired  in  falling  down  its  perpendicular 
height,  the  time  of  descent  is  found  to  be  equal  to  that  of  falling 
down  the  height.     Required  the  plane's  inclination. 

8.  A  chain  hangs  in  the  form  of  a  parabola  whose  axis  is  vertical 
each  particle  being  acted  on  by  a  force  parallel  to  the  axis  and  vary- 
ing inversely  as  the  distance  from  the  directrix.  Required  the  law 
of  the  density. 

9.  Required  the  least  velocity,  with  which  a  body  must  be  pro- 
jected,  to  strike  a  given  object  in  the  horizontal  plane,  supposipg  a 
wall  to  intervene,  whose  distance  from  the  object  is  equal  to  its  own 
height. 

la  P«»«  that  if  a  body  acted  «n  by  gravity  be  descending  down 
fte  convex  side  of  a  plane  curve,  it  wiU  leave  the  curve,  when  the 
hon«mtd  velocity  is  a  nwuimum ;  and  apply  it  to  detennine  when 


A 
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a  body  monng  from  rest  fitom  a  given  point  down  the  oonvex  aide  of 
a  cycloid,  axis  vertical,  will  leave  tlie  curve. 

11.     In  the  last  Pfobkm,  detecmine  the  time  efa^Med. 

18.  Two  uniform  beams  of  given  weights,  and  lengths,  have 
their  upper  extiemitiet  against  two  smooth  parallel  vertical  jdanes  ; 
and  their  lower  extremities,  which  rest  on  the  intermediate  horison- 
tal  plane,  act  agsinst  each  other.  Required  what  must  be  the  dis« 
tanoe  between  the  planes,  when  the  beams  rest  at  right  angles  to 
each  other. 

IS.  State  D'Alembert's  principle  and  apply  it  to  find  the  acoele* 
rating  force  on  an  uniform  plane  in  the  Ibrm  of  an  equilateral  triangle 
oscillating  about  one  side.  Also  determine  the  whole  pressure  on 
the  axis  in  any  position. 

14.  Given  fV  the  weight  of  the  body  of  a  waggon,  P  and  Q  the 
weight  of  a  fore  and  hind  wheel  respectively.  Find  the  time  in 
which  it  will  run  down  a  given  inclined  plane,  the  wheels  being  sup- 
posed onifonn  solid  cyHnders ;  and  shew  that  it  will  descend  quicker 
when  laden* 


ST.  JOHN'S  COLLEGE,  June  1829. 

1.  Thb  force  which  accelerates  or  retards  a  body's  motion  in  a 
cycloid  varies  as  the  arc  intercepted  between  the  body  and  the  lowest 
point. 

2.  A  sphere  is  sustained  upon  an  inclined  plane,  by  the  pressure 
of  a  rod  moveable  about  the  lowest  point  of  the  inclined  plane ;  given 
the  position  of  the  rod,  required  that  of  the  plane. 

3.  Given  tSe  distances  of  the  centres  of  gravity  of  any  number 
of  bodies  from  a  plane,  find  the  distance  of  their  common  centre  of 
gravity  from  the  same  plane ;  and  shew  that  itii  motion  is  uniform 
and  rectilinear,  provided  the  motions  of  the  centres  of  gravity  of  the 
several  bodies  be  so. 

4.  A  lever  touches  with  its  arms,  which  are  at  right  angles,  the 
drcumference  of  a  drde,  whose  plane  is  vertical,  and  radius  less  than 
either  of  the  arms ;  determine  the  position  in  which  it  will  rest. 

5.  A  body  descends  down  an  inclined  plane  of  given  height  and 
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lengthy  and  reboonds  from  the  liorLsantal  plane ;  given  the  greatest 
elevation  which  it  afterwards  attains,  determine  its  elastidtj. 

6.  Three  equal  spheres  are  placed  in  contact  upon  a  horixontal 
plane ;  if  another  equal  sphere  placed  upon  them  just  causes  them  to 
separate,  what  is  the  proportion  of  friction  to  pressure  ^ 
'7.  If  two  tangents  to  a  parabola  are  at  right  angles  to  one  another, 
and  their  point  of  intersection  be  in  the  axis,  find  the  centre  of 
gravity  of  the  area  contained  between  them  and  the  arc ;  and  deter* 
mine  the  curve  described  by  the  centre  of  gravity,  when  the  tangents 
sume  all  possible  positions. 

8.  Find  the  equation  to  the  path  of  a  projectile ;  and  shew  that 
its  length,  between  the  body  leaving  the  horizontal  plane  and  re- 
turning to  it,  will  be  the  greatest  possible  for  a  given  velocity,  when 
the  angle  of  elevation  (0)  satisfies  the  equation 

9.  What  segments  of  a  sphere  will  oscillate  about  a  tangent  at 
the  vertex  in  the  shortest,  and  longest  times  possible  ?  find  the  length 
of  the  isochronous  simple  pendulum  in  each  case. 

10.  Determine  the  position  of  a  weight  supported  on  a  smooth 
cydoidal  lamina  whose  axis  is  .vertical,  by  an  elastic  string  which 
lies  along  the  arc  and  is  fastened  at  the  vertex;  supposing  the 
length  of  the  string  when  unstretched  given,  and  its  weight  incon- 
siderable. 

1 1.  Two  equal  balls,  resting  on  a  smooth  horizontal  table,  are 
fastened  by  two  equal  strings  to  the  end  of  another  string,  which, 
passing  over  the  edge  of  the  table,  sustains  a  given  weight ;  deter- 
mine the  motion,  supposing  the  initial  direction  of  the  latter  string 
to  bisect  the  angle  between  the  two  former. 

12.  An  uniform  beam  rests  in  a  vertical  plane  with  its  ends  upon 
two  curves ;  shew  that  if  the  angles  of  inclination  to  the  horizon  of 
the  normals,  at  the  points  in  contact  with  the  beam,  be  respectively 
a  and  0,  and  0  be  the  inclination  of  the  beam  itself  to  the  horizon, 
then  2  tan.d  =  tan.a  'x^  tan./3. 

13.  A  lamina  of  matter  in  the  form  of  an  ellipse  slides  by  gravity 
with  its  plane  vertical,  between  two  straight  lines  inclined  at  angles 
»,  and  90  —  «  to  the  horizon,  determine  the  motion. 

14.  An  uniform  and  flexible  string  is  suspended  from  two  points 
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m  the  surface  of  a  ▼eriical  cylinder,  detennine  its  equations ;  talddg 
the  origin  where  the  axis  of  the  cylinder  meets  a  horizontal  plane, 
whose  distance  from  the  lowest  point  of  the  string  s  length  of  a 
portion  eqaiTalent  in  weight  to  the  tension  at  that  point ;  and  shew 
that  the  perpendicular  upon  Ae  tangent  from  the  origin  is  qf  a  con« 
stant  length. 


St.  JOHN'S  COLLEGE,  May  I8d0. 

1.  Il^  three  forces  keep  a  point  at  rest,  any  one  of  them  is  prO- 
poxtkmal  to  the  sine  of  the  angle  between  the  directions  of  the  two 
others. 

2.  A  stone  dropped  from  a  bridge,  strikes  the  water  in  2  J'^,  what 
is  the  height  of  the  bridge  ?  Also,  if  the  stone  be  projected  down« 
wards  with  a  velocity  of  3  feet  per  second,  in  what  time  will  it  strike 
the  water  ? 

3.  Two  weights  sustain  each  other  upon  two  inclined  planes, 
having  a  common  altitude,  by  means  of  a  string  which  is  pandlel 
to  the  planes  ;  find  their  position,  taking  into  account  the  weight  of 
the  string  which  is  supposed  to  be  of  uniform  thickness. 

4.  If  a  body,  whose  elasticity  is  (e),  impinge  on  a  plane  with  a 
velocity  (v),  and  be  reflected  with  a  velocity  (i>') ;  and  if  »,  a,  be 
the  angles  which  the  directions  of  its  motion,  in  the  two  cases,  make 
with  a  perpendicular  .to  the  plane,  prove  that  tan.a  s=  e  tan V, 
V  siliui  =9  i/  sin.a'. 

5.  The  locus  of  the  centres  of  gravity  of  the  areas  of  all  right« 
angled  triangles  on*  the  same  hypothenuse  (2a),  is  a  circle  whose 

ndius  =  ;r.    The  locus  of  the  centres  of  gravity  of  their  perimeters 


isa 


spiral,  whose  equation  is  ^  =s  a  f  sin.A  -^  ^^'ij  >  ^®  W^  being 

in  the  middle  point  of  the  hypothenuse,  and  B  measured  from  that 
line. 

6.  A  hemispherical  bowl  is  terminated  by  a  cylindrical  rim,  having 
the  nme  external  arid  internal  radius ;  what  must  be  its  breadth,  in 
order  that  the  vessel  may  rest  upon  any  point  of  its  spherical  base  ? 
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7.  A  perfectly  elastic  ball  is  projected  from  the  middle  point  of 
the  b|M  oi  a  verticfld  square  towards  oae  of  the  angles,  and  afto 
hariog  been  reflected  at  the  aides  containing  that  angle,  falls  at  the 
epposite  angle ;  find  the  ▼elodty  of  projection. 

8.  Two  weights  P  and  Q,  connected  hy  a  string  of  given  length, 
are  placed  upon  an  inclined  plane  of  the  same  length,  P  being  at 
the  highest  point,  and  Q  at  the  lowest ;  after  what  time  will  their 
distance  he  a  minimum  ? 

9.  A  uniform  rod  whose  length  equals  twice  the  diameter,  passes 
through  a  hole  in  a  spherical  shell,  and  rests  with  one  end  against 
the  internal  surface ;  shew  that  if  «  be  its  inclination  to  the  vertical, 
when  in  its  position  of  stable  equilibrium,  ^  (v  +  «)  and  ^(v  —  «) 
will  be  its  inclinations,  in  its  positions  of  unstable  equilibrium. 

10.  A  uniform  rod  of  given  length  (a)  is  bent  into  the  form  of 
a  cycknd,  and  oscillates  about  a  horizontal  line  joining  its  extremis 

ties ;  prove  that  the  length  of  the  isochronous  pendulum  a  -• 

o 

11*  A  convoy  moving  uniformly  along  a  road  which  runs  east 
and  west,  is  perceived  at  the  instant  it  is  due  south  of  a  battery  ;  at 
what  elevation,  and  towards  what  point  of  the  compass,  must  a 
cannon,  loaded  with  a  given  charge,  be  fired  at  the  same  instant,  so 
as  just  to  hit  it  ? 

12,  A  beam  having  one  end  on  a  vertical,  and  the  other  on  a 
horizontal  plane,  is  kept  at  rest  by  a  string  connecting  its  centre  of 
gravity  with  the  point  of  intersection  of  the  planes;  find  the  tension 
of  the  strii^;  explain  the  result  when  the  beam  is  of  uniform  thick- 
ness. 

13.  A  rod  whose  length  =  a,  and  distance  of  its  centre  of  gr»- 
vity  fVom  one  end  =  6,  is  placed  with  that  end  on  the  arc,  and  the 
other  on  the  minor  and  vertical  axis  of  an  ellipse,  whose  semi-axes 
are  (a)  and  (6) ;  shew  that  it  will  rest  in  any  position;  but  that 
if  it  be  disturbed,  its  centre  of  gravity  will  describe  the  major  axisi 
and  its  centre  of  instantaneous  rotation,  a  circle  radius  (a  —  b) 
about  the  centre  of  the  ellipge  ;  also  find  the  angular  vdocity  of  the 
rod  in  any  position,  and  the  velocity  of  its  centre  of  gravity. 


/"N 
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QUEEN'S  COLLEGE,  1826. 

1.  If  two  equal  forces  sustain  each  other  bj  means  of  a  string 
passing  over  a  tack^  shew  that  either  force  :  the  pressure  upon  the 
tack  : :  1  :  2  cosine  of  half  the  angle  at  which  the  forces  act. 

2.  P  and  W  being  in  equilibrio  on  an  inclined  plane,  if  the 
whoile  be  put  in  motion,  then 

P's  velocity  :  fF's  velocity  ::W:  P. 

3.  AD  IS  horizontal,  DC  vertical,  Q  a  weight  connected  with 
one  extremity  of  a  beam  ABhj  sl  string  passing  over  a  pulley  at  C 
in  such  a  manner  that  CB  is  vertical.  Find  Q  when  there  is  an 
equilibrium,  and  shew  that  the  equilibrium  will  be  maintained 
whatever  be  the  position  of  the  beam  AB,  CB  remaining  vertical. 

4.  A  body  is  suspended  from  a  given  point  in  a  horizontal  plane, 
by  a  string  of  known  length,  which  is  thrust  out  of  its  vertical  posi- 
tion by  a  rod  (without  weight)  acting  from  a  given  point  in  the 
phme,  against  the  body ;  shew  that  the  tension  of  the  string  varies 
InverBely  as  the  tangent  of  the  inclination  of  the  rod  to  the  horizon. 

5.  A  quadrant  being  placed  with  one  of  its  sides  vertical,  and  a 
uniform  chain  equal  in  length  to  the  arc  being  suffered  to  hang  over 
it  from  a  pin  at  the  upper  extremity,  it  is  required  to  find  the  sus- 
taining force. 

6.  P  and  Q  are  two  weights  connected  by  a  string  passing  over  a 
fixed  pulley,  whereof  P  is  the  greater,  at  the  end  off'fm  additional 
weight  (q)  is  annexed  to  Q.  Find  the  velocity  of  P  after  any  as- 
signed time. 

7.  If  0  be  the  angular  distance  of  a  body  from  the  lowest  point 
in  a  circular  arc ;  shew  that  the  force  in  the  direction  of  the  arc  is 

to  that  in  the  direction  of  the  chord  as  2  cos.  -  :  1. 

8.  Find  the  centre  of  gravity  of  a  frustum  of  a  pyramid. 

9.  An  imperfectly  elastic  ball  is  projected  vertically  downwards 
from  a  given  point  with  a  given  velocity,  upon  a  hard  horizontal 
plane ;  required  the  sum  of  the  space  described  by  it  before  the  mo- 
tion ceases,  and  the  whole  time  of  its  motion. 

10.  A  ball  is  projected  in  a  given  direction  with  a  given  velocity;^ 

d2 
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determine  the  time  of  flight  in  terms  of  the  oscillations  of  a  pendolum 
of  given  length. 

11.  If  a  body  descends  down  any  curve  by  the  action  of  gravity, 
tie  velocity  acquired  at  any  point  will  Be  the  same  as  if  the  body  had 
descended  down  the  same  vertical  space  falling  freely. 

12.  Required  the  length  of  a  pendulum  which  vibrates  as  often 
'  in  a  minute  as  inches  in  length. 


QUEEN'S  COLLEGE,  1827, 

T.  The  uniform  lever  AC  of  given  weight  and  length,  and  turn- 
ing on  the  fulcrum  C,  has  two  given  weights  tv^,rv^  suspended  from 
the  extremity  A,  and  the  middle  point  B,  and  is  kept  at  rest  by  the 
given  weight  P  acting  at  A  by  means  of  a  string  passing  over  the 
£xed  pulley  D,  CT>  is  horizontal  and  equal  to  CA :  find  the  position 
of  equilibrium. 

2.  A  paraboloid  df  which  the  parameter  is  given,  being  cut  off 
£y  a  plane  perpencGcular  to  its  axis,  when  prevented  from  sliding, 
J  ust  stands  on  an  inclined  plane  of  given  inclination :  required  the 
length  of  the  axis  of  the  paraboloid. 

S.  If  the  power  and  weight  in  equilibrio  on  air  inclined  plane  be 
put  in  motion,  the  velocity  of  the  power  :  that  of  the  weight  :>:  the 
weight  :  the  power. 

4.  If  any  number  of  forces  act  on  a  pmnt,  the  sum  of  their 
moments  referred  to  any  other  point  is  equal  to  the  moment  of  their 
resultant  referred  to  the  same  point. 

5.  Suppose  (p)  to  be  retained  on  the  curve  of  a  given  elUpse 
the  axis  major  of  which  is  vertical,  by  a  force  {q)  parallel  to  the 
horizon,  fhid  the  position  of  equilibrium. 

6.  Find  the  centre  of  gravity  of  the  eighth  part  of  a  sphere, 
t.  e.  of  the  solid  generated  by  the  revolution  of  a  quadrant  about  one 
of  its  sides  through  90<^. 

7.  In  the  direct  impact  of  two  inelastic  bodies,  the  difference 
between  the  sums  of  the  products  of  each  body  into  the  square  of  its 
velocity  before  and  after  impact,  is  equal  to  the  sum  of  the  products 
of  each  body  into  the  square  of  the  velocity  gained  or  lost  by  it. 

8.  Shew  that  a  body  projected  in  an  oblique  direction  along  an 
inclined  plane  describes  a  parabola,  and  find  its  latus  rectum,  having 
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gliven  the  inclination  of  the  plane  and  the  velocity  and  direction  of 
■fwojedion* 

9.  Investigate  an  exprenion  for  the  time  of  an  oscillation  in  a 
^jrcloid. 

10.  Shew  that  the  centres  of  suspension  and  oscillation  are  oon^ 
▼ertible  points. 

1 1.  Find  £he  time  in  which  a  cylinder  of  uniform  density  would 
roil  down  an  inclined  plane^  friction  not  permitting  it  to  slide. 

12.  Find  the  nature  of  the  curve  in  which  a  hody  will  descend 
from  one  given  point  to  another  in  the  least  time  possible. 


<iUEEN'S  COLLEGE,  May  1828. 

J.  A  BBNT  lever  of  uniform  thickness  and  density  when  sup- 
ported at  the  an^le  rests  with  the  shorter  arm  horizontal.  If  the 
shOTter  arm  were  twice  as  long  it  would  rest  with  the  other 
hoiuontaL  Compare  the  lengths  of  the  arms,  and  find  the  angle  at 
which  they  are  inclined. 

2.  AB  is  a  given  horizontal  line,  BC  a  uniform  beam  of  given 
weight  and  length,  moving  freely  in  a  vertical  plane  about  B.  A 
given  weight  is  suspended  by  a  string  fixed  at  J  and  passing  through 
a  pulley  at  C.     Find  the  position  of  equilibrium. 

3.  In  a  system  where  each  pulley  hangs  by  a  separate  string 
and  the  strings  are  inclined  to  each  other  at  given  angles,  find  the 
relation  between  power  and  weight  when  there  is  an  equilibrium. 

4.  A  body  is  placed  in  the  centre  of  gravity  of  a  triangle  which 
is  supported  at  the  three  angles.  Shew  that  the  pressures  at  the 
angles  are  all  equal. 

5.  Find  the  centre  of  gravity  of  the  area  which  is  the  difference 
between  similar  sectors  of  two  given  concentric  circles. 

6.  With  what  velocity  must  a  cycloid  revolve  about  its  axis  that 
the  centrifugal  force  may  be  sufficient  to  sustain  a  particle  in  the 
middle  of  the  curve  ? 

7.  A  ball,  the  elasticity  of  which  is  (e),  projected  from  a  given 
pmnt  in  the  circumference  of  a  circle  afler  being  reflected  from  it 
twice  returns  to  the  given  point.  Required  the  direction  of  pro* 
jectioB. 
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8.  Determioe  that  diameter  of  a  circle  down  the. last  half  of 
which  a  body  descends  in  the  time  down  the  whole  vertical  diameteii; 

9.  The  thread  by  which  a  body  oscillating  in  a  given  cycloid  is 
suspended,  breaks  when  the  body  is  at  the  lowest  point ;  after  which 
it  proceeds  and  strikes  the  vertical  tangent  to  the  extremity  of  the 
cycloid  in  the  time  in  which  it  would  have  completed  its  oscillation ; 
required  the  length  of  the  arc  through  which  it  had  descended.  - 

10.  A  circular  area  the  density  of  which  varies  as  the  distance 
from  the  centre  oscillates  in  its  own  plane  about  a  given  axis. 
Required  the  time. 

11.  A  given  weight  (p)  is  suspended  at  the  extremity  of  a  pen- 
dulum of  given  length  ;  where  must  another  weight  (9)  be  fixed, 
that  the  whole  may  vibrate  in  the  least  time  possible? 

12.  If  a  body  descends  by  gravity  down  the  quadrant  of  a  circle 
touching  a  horizontal  line  at  its  highest  point,  where  will  it  leave 
the  curve,  and  where  will  it  cut  the  horizontal  radius  produced  ? 


QUEEN'S  COLLEGE,  Mat  1829. 

1.  A  STRAIGHT  lever  of  uniform  thickness,  the  length  and 
weight  of  which  are  ^ven,  has  two  weights  P  and  Q  attached  to  its 
extremities,  and  is  sustained  by  a  fulcrum  at  a  given  point,  and  also 
by  another  fulcrum,  on  which  it  presses  with  a  given  force;  required 
the  position  of  that  other  fulcrum. 

2.  A  chord  PAQ  ia  knotted  to  a  fixed  point  A,  and  drawn  in 
difierent  directions  by  the  forces  P  and  Q,  so  that  the  pressure 

P+  Q 

upon  A  =s  — - — ;  find  the  angle  at  which  the  directions  of  P 

and  Q  are  inclined  to  each  other. 

3.  A  weight  W  is  drawn  up  an  inclined  plane  by  a  force  P, 
acting  by  means  of  a  wheel  and  axle,  placed  at  the  top,  so  that  the 
string  attached  to  the  weight  may  be  parallel  to  the  plane.  Given 
B,  and  r  the  radir  of  the  wheel  and  axle ;  find  the  inclination  of  the 
plane. 

*.    A  uniform  bent  lever  ABC^  containing  a  given  angle  at  B, 
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find  having  its  aims  of  given  weigbte  and  letigths^  ^ngs  freely  by 
the  extremity  A :  find  the  position  of  e^ilibrium. 
•  5.     Find  the  centre  of  gravity  of  a  parabolic  area  terminated  by  a 
straight  line,  inclined  at  a  given  angle  to  the  axis. 

6.  Find  the  centre  of  gravity  of  half  the  solid  intercepted  be- 
tween the  surfaces  of  a  hemisphere  and  paraboloid^  on  the  same  base: 
the  latus-rectum  of  the  paraboloid  coinciding  with  the  diameter  of 
the  hemisphere^  and  the  solid  being  bisected  by  a  plane/  passing 
through  its  axis. 

7-  Find  the  equation  to  the  catenary  between  x  and  tf ;  measuring 
from  the  lowest  point 

8.  W  is  kept  in  equilibrio  on  an  inclined  plane  by  P,  which  acts 
by  means  of  a  single  moveable  pulley  fixed  io  W,  the  strinjgs  being 
parallel  to  each  other  and  to  the  plane.  Prove  that  when  put  in 
motion  P  ;  fV  ::  velocity  of  W  :  velocity  of  P,  in  the  directions  of 
their  action. 

9.  Two  equal  hard  balls  are  projected  at  the  same  instant  towards 
bich  other^  from  the  two  extremities  of  a  vertical  line^  each  with 
ihe  velocity  which  would  be  acquired  in  falling  down  it.  Where 
will  they  meet?  And  what  time  will  intervene  between  their 
Impact^  and  their  arrival  at  the  lower  extremity  of  the  line  ? 

10.  An  imperfectly  elastic  ball  from  a  given  height  is  let  fall  on 
a  given  inclined  plane ;  required  the  point  in  which^  after  reflection^ 
it  will  strike  the  plane  again. 

11.  The  cord  which  sustains  a  body  in  its  descent  down  the  arc 
of  a  semicydoid  breaks  at  the  lowest  point.  Where  will  the  body 
strike  the  tangent  at  the  other  extremity  of  the  cycloid  ?  And,  if  it 
lie  perfectly  elastic,  where,  after  reflection  at  that  tangent,  and  at 
what  angle,  will  it  strike  the  axis  of  the  cycloid  produced  ? 

12.  A  body  oscillates  in  a  qrcloid ;  compare  the  time  of  descend* 
ing  down  one  side  and  ascending  half  up  the  other,  with  the  time  of 
describiiig  an  arc  of  equal  length  cut  off  by  a  line  parallel  to  the 
base. 

IS.  A  chain  coiled  on  the  ground  is  drawn  up  by  means  of  a 
weight  P,  connected  with  it  by  a  string  without  weight,  passing 
.over  a  fixed  pulley ;  find  the  velocity  of  P,  after  it  has  descended 
through  a  given  space. 
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14.  The  weights  P  and  Q  being  collected  at  the  extremities  of  a 
uniform  rod  PQ,  of  which  the  length  is  I,  and  weight  w,  the  system 
osdllates  about  an  axis  passing  through  the  middle  of  the  rod.  Re- 
quired the  time  of  an  oscillation. 

15.  The  radius  of  the  outer  surfe^ce  of  a  hollow  cylinder  being 
given ;  required  its  thickness,  that  the  time  of  its  rolling  down  au 
inclined  plane,  may  be  to  the  time  in  which  it  wou^d  descend  witb« 
put  frictioi)  in  the  T^tio  of  5  to  4* 


QUEEN'S  COLLEGE,  May  1830. 

1.  A  sl'KAiOHT  lever  is  sustained  on  a  fulcrum  at  the  middle 
point,  and  is  kept  at  rest  by  two  given  weights ;  where  must  they  be 
placed,  that  the  di^taqce  of  the  one  from  the  fulcrum,  may  equal  the 
distance  of  the  other  from  the  extremity  ?     And,  where  must  the 

Jvlcrum  be  placed,  if  these  situations  of  the  weights  be  reversed  ? 

2.  A  weight  P  is  sustained  on  an  inclined  plane  by  three  forces 

p 
each  equal  to  —,  one  acting  vertically  upwards,  another  parallel  to 

the  plane,  and  the  third  parallel  to  the  horizon ;  required  the  plane's 
inclination* 

S.  A  unifcnm  rod  of  given  weight  and  length,  having  a  weight, 
which  is  also  given,  fixed  at  one  extremity,  rests  upon  a  point  A; 
with  its  other  extremity,  against  a  vertical  plane  BC  i  find  its 
position. 

4.  By  a  straight  line  drawn  through  a  given  point  in  the  diameter 
of  a  semicircle,  cut  off  a  part,  such  that  what  is  left  may  balance, 
when  suspended  at  the  given  point  with  the  remainder  of  the 
diameter  horizontal. 

5.  A  uniform  rod  of  given  weight  and  length  suspended  at  a 
given  point,  is  drawn  out  of  the  vertical  position,  by  a  given  force, 
acting  from  its  lower  extremity  by  means  of  a  cord,  which  passes 
over  a  pulley  fixed  at  a  given  point,  in  the  same  horizontal  line  with 
the  axis ;  find  the  angle  through  which  the  rod  is  drawn. 

6.  Any  number  of  forces  being  given,  acting  in  any  directions 
upon  a  rigid  body;  reduce  them  to  two  sets  of  forces,  one  set  being 
in  a  given  plane,  and  the  other  perpendicular  to  it. 
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7.  Prove  GuldinoB's  propertj  of  the  centre  of  gravitj  of  a 
xevolTing  plane ;  and  apply  it  to  find  the  centre  of  gravitj  of  a 
semicirde,  by  the  revolution  of  which  about  the  diameter  a  sphere 

is  generated ;  it  being  granted  that  the  area  of  semicircle  s  — f 
and  content  of  sphere  =  |^irr\ 

8.  Prove  that  if  the  direction  of  a  body  projected  from  one 
extremity  of  the  diameter  of  a  drde^  along  a  horizontal  plane  be 
such  that  after  one  reflection  at  the  curve,  it  may  pass  to  the  other 
extremity,  the  sine  of  the  angle  which  that  direction  makes  with  the 

diameter  =  -777-^ — ;»  *  \^si%  the  elasticity ;  and  find  the  sine  of 

'  the  angle  made  with  the  diameter,  by  the  course  of  the  body  after 
the  second  reflection. 

9.  A  body  descends  by  gravity,  and  describes  in  the  nth  second 
of  its  fidl,  a  space  =a  p  times  the  space  described  in  the  last  but  n ; 
required  the  whole  space. 

10.  A  body  of  given  elasticity  is  projected  upward  with  a  given 
velodty  to  strike  a  horixontal  plane,  and  in  f^  returns  to  the  point 
of  projection ;  required  the  distance  of  the  plane  from  that  point. 

11.  A  body  of  given  elasticity  is  projected  from  the  top  of  a 
tower  in  the  direction  toward  a  given  object  on  the  horizontal  plane 
below,  but  falling  short,  it  strikes  the  proposed  object  after  one  re- 
flection ;  required  the  velocity  of  projection. 

12.  Prove  that  the  oscillations  of  a  pendulum  through  small  arcs 
of  a  cixcle  are  nearly  isodironous. 

13.  A  nniform  bent  rod  of  given  dimensions,  suspended  by  one 
ejEtremity,  is  slightly  put  in  motion ;  find  the  length  of  the  pendulum 
whidi  oaciUates  in  the  same  time. 

14.  The  inscribed  equilateral  triangular  prism,  being  cut  out  of 
a  cylinder;  find  the  time  in  which  the  remainder  will  roll  down  a 
l^ven  inclined  plane. 

15.  At  what  distance  from  the  centra  of  a  sphero  in  free  space 
must  an  impulse  he  given,  that  the  motion  afterwards  may  be  pre- 
cisely that  of  a  rolling  sphero  F 

16.  A  given  triangle  revolves  in  its  own  plane,  about  an  axis 
passing  through  one  of  its  angles,  with  a  given  angular  velocity; 
ilnd  the  prevuie  npon  the  aads* 
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CORPUS  CHRISTI  COLLEGE,  1827. 

1.  If  two  adjacent  side;3  of  a  parallelogram  represent  tbe  magni- 
tude and  direction  of  two  forces^  prove  tliat  the  diagonal  of  the  same 
parallelogram  wiU  represent  the  magnitude  and  direction  of  the  re- 
sultant of  the  forces :  and  if  two  forces  be  in  the  ratio  of  3  :  2  ;  find 
their  inclination  when  their  resultant  is  a  mean  proportional  between 
them. 

2.  Give  a  general  demonstration  of  the  principle  of  virtual  velo- 
cities^ and  apply  that  principle  to  compare  the  power  and  weight  in 
case  of  equilibrium  on  the  screw.* 

3.  Prove  that  the  power  of  any  combination  of  machines  is  equal 
to  the  product  of  the  powers  of  all  the  simple  machines  in  that  com- 
bination. 

,  4.  Compare  the  power  and  weight  which  keep  each  other  in 
equilibrium  on  the  system  of  pulleys  where  each  string  is  attached 
to  the  weight,  the  number  of  moveable  pulleys  being  three,  and  their 
weights  equal ;  and  eiqJain  what  advantages  this  system  possesses 
over  that  in  which  each  pulley  hangs  by  a  separate  string. 

.  5.  If  the  oommon  balance  consist  of  a  given  uniform  beam  AB 
the  centre  of  gravity  of  the  whole  being  at  G  the  middle  pointy  but 
the  fulcrum  at  C  a  given  distance  above  G ;  required  the  position  in 
which  it  will  rest  when  loaded  with  unequal  weights  at  A  and  B. 

6.  CHven  the  distances  of  any  bodies  oonsidered  as  points  from  a 
plane ;  find  the  distance  of  their  centze  of  gravity  from  the  sanie 
plane ;  and  find  the  centre  of  gravity  of  a  given  sector  of  a  aide* 

7.  Explain  the  principle  on  which  rocking-'Stones  are  made ;  and 
if  a  stone  consisting  of  a  given  hemisphere,  and  a  cylinder  of  the 
same  radius  be  placed  on  a  horizontal  plane,  find  the  length  df  the 
cylindrical  part,  so  that  the  stone  may  be  in  equilibrium  on  whatever 
part  of  the  hemisphere  it  rests. 

8.  If  ;p  and  ^  be  co-ordinates  to  the  catenary  measuring  from  the 
vertex,  prove  that  a:  4-  a  =  -  (e«  +  e  ■)  where  a  ii  the  tensiea  at 
the  vertex;  and  prove  that  the  tension  at  the  point  {x,  ^) ;==_«  +  »• 

9.  If  a  roof  consist  of  beams  fomung  an  isosceles  triangle  with  its 
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Jbase  horizontal^  and  a  given  weight  be  pldted^at  the  vertex^  the 
weights  of  the  beams  which  are  equal  to  one  another  being  also  given; 
required  the  horizontal  force  at  the  foot  of  either  of  the  beams.  Ex- 
plain how  the  effects  of  this  pressure  are  usually  provided  against  in 
buildings. 

10.  In  a  bridge  if  the  intrados  be  a  circle^  and  the  joints  in  the 
direction  of  radii^  to  find  the  extrados. 

11.  A  giveu  beam  ^B  is  supported  on  the  horizontal  plane  DE 
hj  means  of  given  weights  P  and  Q  hanging  freely  over  pulleys  at 
E  and  C;  find  the  pofdtion  of  equilibrium  of  AB. 

'  12.  Ten  men  of  equal  strength  wishing  to  pull  down  a  tree  of 
given  height^  and  at  the  same  time  to  avoid  all  danger  from  its  fall, 
fix  two  ropes  at  its  top,  one  of  which  reaches  to  the  ground  making 
an  angle  of  60^  with  the  tree,  and  the  other  45^.  Now  if  four  of  the 
men  pull  at  the  extremity  of  the  former  towards  the  south,  and  six 
at  that  of  the  latter  towards  the  south-east :  towards  what  point  of 
the  compass  will  the  tree  fall  ? 

13.  When  two  imperfectly  elastic  bodies  moving  with  given  ve- 
locities and  in  given  directions  impinge  upon  each  other ;  required 
their  velocities  and  directions  after  impact,  and  prove  that  the  motion 
of  their  centre  of  gravity  is  not  affected  by  the  impact* 

14.  If  a  body  be  moved  from  rest  by  a  constant  force  ^  prove 
that  the  space  described  in  time  {i)  =  J^fl^,  and  if  the  body  be  pro- 
jected in  direction  of  force  with  velocity  («),  space  in  time 

(0  =  <«  +  *//•. 

15.  If  a  body  be  projected  with  a  velocity  («)  in  a  direction 

making  an  angle  («)  with  the  horizon;  find  die  focus  of  the  para- 

111       .1^  :i        -■  1.1  2r^.cos.*.« 

bola  described,  and  prove  that  its  latus  rectum  = ^« 

g 

16.  Prove  that  the  time  of  osciUation  in  a  cycloid 


"/ 


— >  where  w  =  3*141 59» 
g 


and  X  as:  }  length  of  the  whole  cycloid,  and  g  the  foroe  of  gravity  at 
the  place  where  the  oscillation  is  peifonned. 

17.     The  force  of  gravity  varying  as  — — ^  from  the  centre  of  the 

Sarth,  how  high  must  a  seconds'  pendulum  be  carried  above  the 
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level  of  tbe  sea  that  it  may  vibrate  59^  times  in  a  minute,  the  radius 
of  the  Earth  being  3958  miles  ? 

18.  A  body  is  projected  with  a  velocity  of  160  feet  per  second, 
and  at  an  angle  of  45^  with  the  horizon,  and  after  a  lapse  of  5"  an 
object  dislodged  by  the  projectile  strikes  the  ground ;  required  the 
distance  of  the  object  struck  from  the  point  of  projection. 

19.  .  Explain  what  is  meant  by  the  centre  of  oscillation ;  and  find 
the  time  of  a  small  oscillation  of  a  cone  about  an  axis  perpendicular 
to  the  axis  of  the  cone,  and  passing  through  its  vertex. 

20.  Prove  that  the  times  of  a  solid  cylinder  and  a  globe  roiling 
down  the  same  inclined  plane  from  rest  are  in  the  proportion  of 

^15  :  ^H. 

21.  Explain  the  construction  of  the  Ballistic  pendulum ;  and  if 
a  ball  P  strike  it  with  a  velocity  F&t  a,  distance  (a)  from  its  axis, 
prove  that 

r=2sm.-.— p—  --v^C^V, 

where  M  =  mass  of  pendulum,  /  and  h  the  distances  of  its  centres  of 
oscillation  and  gravity  from  the  axis,  and  0  the  angle  through  which 
it  oscillates. 


CORPUS  CHRISTI  COLLEGE,  May  1828. 

1 .  If  two  weights  balance  each  other  on  a  straight  lever,  prove 
that  they  are  inversely  as  their  dbtances  from  the  fulcrum,  and  the 
converse. 

2.  If  two  adjacent  sides  of  a  parallelogram  represent  two  forces 
in  magnitude  and  direction,  prove  that  the  diagonal  is  their  resultant: 
also  if  a  body  has  two  uniform  motions  communicated  to  it  at  the 
same  instant  along  two  adjacent  sides  of  a  parallelogram,  prove  that 
it  will  move  unifomdy  along  the  diagonal. 

3.  Compare  the  power  and  weight  in  case  of  equilibrium  on  a 
system  of  (n)  moveable  pulleys  where  each  hangs  by  a  separate  string, 
the  weights  of  the  pulleys  being  A^,  2A^,  2^A^,  &c....  2»-»ili, 
{A^  the  highest). 

4.  If  any  number  of  forces  act  in  the  same  plane  on  a  rigid  body, 
find  the  magnitude  of  their  resultant,  and  the  equation  to  the  line 
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in  which  it  acts;  and  prove  that  the  moment  of  the  resultant  referred 
to  any  point  in  the  phine  equals  the  sum  of  the  moments  of  the  com* 
ponent  forces. 

5.  Define  Tirtual  velocity ;  and  in  the  cases  of  equilibrium  on  the 
bent  lever  and  the  screw^  prove  that  P  X  P's  virtual  velocity  4-  W 
X  W*%  virtual  velocity  *=  0. 

6.  Find  the  centre  of  gravity  of  any  number  of  bodies  considered 
as  points  in  space.  Find  also  the  centre  %3^  gravity  of  a  shell  the  ex* 
terior  surface  of  which  is  a  cone  and  the  interior  a  parabobid  of  half 
the  height  of  the  cone^  and  the  radius  of  its  base  two-thirds  of  that 
of  the  cone. 

7.  Prove  that  a  body  placed  on  a  horizontal  plane  will  be  sup« 
ported  or  not  according  as  a  vertical  line  passing  through  the  centre' 
of  gravity  falls  within  or  without  the  base ;  and  find  where  a  right? 
angled  isosceles  prism  must  be  cut  by  a  plane  parallel  to  one  of  its 
equal  sides  that  it  may  just  be  supported  when  placed  with  this  section 
on  a  horizontal  plane. 

8.  Investigate  Guldinus'  Theorem  for  finding  the  content  of  a 
solid  of  revolution :  and  if  a  right-angled  triangle,  the  sides  of  which 
are  (a)  and  (6),  generate  a  solid  of  revolution  about  its  hypothenuse, 

prove  by  this  theorem  that  its  content  =         .  ^      ^  > 

9.  If  a  chain  of  given  length  hangs  freely  over  two  given  points 
in  the  same  horizontal  line,  find  the  position  of  equilibrium. 

10.  If  two  chords  of  a  circle  drawn  from  the  same  point  repre- 
sent two  forces,  and  if  one  of  the  chords  subtends  an  arc  of  90^*,  find 
the  other  when  the  resultant  of  the  two  is  the  greatest  possible. 

11.  Explain  what  you  understand  by  momng  force  and  what  by 
accderaling  farce,  and  if  a  space  («)  be  described  from  rest  by  a  con- 
stant force /in  time  (/),  prove  that  s  as  \f^ ;  and  that*  the  spaces 
described  in  the  1st,  2nd,  3rd,  &c.  seconds  of  time  are  as  the  odd 
numbers,  \,S,5,  Sec* 

1?.  Two  bodies  A  and  2 A  whose  elasticity  :  perfect  elasticity 
: :  2  :  3,  move  with  velocities  2t>  and  v  respectively,  and  the  direc- 
tion of  each  makes  an  angle  of  30®  with  the  common  tangent  at  the 
point  of  impact ;  find  the  directions  and  velocities  of  the  bodies  after 
impact. 
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13.  If  a  body  be  projected  in  vacuo,  find  tbe  ^nation  to  its  patb^ 
and  sbew  that  it  is  a  pazabola ;  and  the  velocity  and  dixeetion  of 
projection  being  given,  find  the  range  on  a  given  inclined  plane,  and 
the  time  of  flight. 

14.  If  a  body  oidllates  in  a  cycloid,  prove  that  the  accelerating 
force  along  the  curve  ia  proportional  to  the  arc  intercepted  between 
the  body  and  the  lowest  point ;  and  find  the  time  of  oscillation :  and 
if  the  body  oacillates  through  the  whole  arc  of  the  cydoid,  and  the 
time  of  oscillation  be  divided  into  four  equal  intervals,  compare  the 
arcs  passed  over  in  the  I  st  and  2nd  of  them. 

15.  Define  the  centre  of  gyration,  and  find  it  in  a  sphere  of  uni« 
form  density  revolving  about  a  diameter. 

16.  Define  the  centre  of  oscillation,  and  find  it  in  the  solid 
formed  by  the  revolution  of  a  sector  of  60^  of  a  given  circle  about  one 
of  its  extreme  radii ;  the  solid  being  suspended  from  the  vertex. 

17.  If  bodies  be  projected  from  the  same  point,  and  with  the 
same  velocity,  but  in  all  possible  directions  in  the  same  plane ;  find 
the  locus  of  the  points  at  which  the  path  of  each  body  is  inclined  at 
45®  to  the  horizon. 

18.  If  two  equal  cylindrical  wheels  be  Jlxed  on  a  given  cyHndri* 
cal  axle,  and  the  whole  be  caused  to  roll  along  a  horizontal  plane  by 
a  weight  unwinding  a  string  from  the  axle,  find  the  velocity  along 
the  plane  at  any  time,  and  the  space  described :  and  find  the  magni« 
tude  of  the  obstacle  which  placed  under  either  wheel  wiU  just  pre- 
vent its  motion.  If  the  plane  and  wheel  be  perfectly  smooth  what 
will  be  the  nature  of  the  motion  ? 


CORPUS  CHRISTI  COLLEGE,  Junk  1829. 

1.  If  any  number  of  forces,  PQRST,  &c,  P^CgR'S'T,  && 
acting  at  the  arms  of  a  bent  lever  to  turn  it  different  ways,  balance 
one  another,  and  pqrH,  &c.,  p'q'f^s'f,  &c.  be  perpendiculars  on  their 
directions  from  the  fulcrum,  then  shall 

2.  If  any  two  forces  acting  at  the  same  point  be  represented  in 
magnitude  and  direction  by  the  sides  of  a  parallelogram,  the  diagonal 
also  represents  their  resultant  in  magnitude  and  direction. 
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S.  In  the  aerewj  P  :  JV  ::  distance  between  two  threads  :  eir- 
cumfareuce  of  the  eircle  described  by  the  power. 

4.  Prove  the  principle  of  virtaal  velocities  in  the  wedge 
generalfy. 

5.  If  a  system  be  in  equilibrium^  the  centre  of  gravity  is  at  its 
highest  or  lowest  point ;  required  a  proof. 

6.  If  A^  he  the  co-ordinates  of  the  centre  of  grarity  of  a  curvi-* 
linear  arei^  shew  that 

fdm  /dm 

Apply  the  expressions  to  a  quadrant  of  an  ellipse. 

7.  In  an  arch  which  is  in  equilibrium^  the  weights  of  the  voussuirs 
are  as  the  differences  of  the  tangents  of  the  angles  which  their  joints 
make  with  the  vertical. 

8.  A  solid  is  formed  by  the  revolution  of  a  semi-parabola  through 
an  angle  of  60®.     Find  the  centre  of  gravity. 

9.  Find  the  resultant  of  any  number  of  forces  acting  in  the  same 
plane  on  a  rigid  body^  and  determine  also  the  equation  to  the  straight 
line  in  which  it  acts. 

10.  A  cone  and  hemisphere  of  equal  bases  and  altitudes  are  placed 
OB  an  horizontal  plane,  the  extremities  of  their  bases  coinciding ; 
find  the  position  of  equilibrium  of  a  given  rod  (in  length  less  than  the 
diameter  of  the  base)  which  shall  rest  between  them. 

1 1 .  Find  the  equation  to  the  catenary  between  x  and  ^  beginning 
from  the  lowest  point. 

12.  Explain  and  prove  the  first  law  of  motion. 

13.  Two  bodies,  whose  common  elasticity  is  e,  and  moving  with 
given  velocities,  impinge  directly  on  each  other;  determine  their 
velocities  after  impact. 

14.  Prove  the  expressions, 

ud  shew  that  the  spaces  described  in  the  Ist,  2nd,  3rd,  4th,  &c. 
seconds  are  as  the  numbers,  1,  3,  5,  7>  ^c 

15.  Shew  that  the  curve  described  by  a  projectile  is  a  parabola, 
and  find  its  latus  rectum. 
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16.  Two  ffphcrical  bodies  move  Qniformly  in  any  tvo  \ 
lines  not  in  the  same  plane,  if  they  meetj  deternline  their  < 
if  not>  find  when  they  approach  nearest  to  one  another. 

17.  A  body  perfectly  elastic  is  projected  up  a  plane  whoK 

of  inclination  equal  fi,  at  an  angle  «,  and  with  a  given  vdocity  U, 

after  reflexion  it  ascends  vertically  upwards,  shew  that  its  nmge  on 

(7*cos.*« 
the  inclined  plane  ae  — ; — - — '- — -^^  and  that  the  time  of  flinht 
*  g  sm.0 .  COS.*  0  ^ 

from    the    point    of    projection    till     the     body    returns    to    it 

^^  'U .  cos.» 

g.sin^2fi  ' 

1 8.  A  body  descends  down  an  inverted  cycloid ;  find  the  time  of 
a  whole  oscillation. 

i9«  Find  the  equations  of  motion  of  a  body  moving  in  a  plane 
and  acted  on  by  any  forces  in  that  plane. 

20.  A  body  is  acted  on  by  a  force  tending  tor  a  centre  i  find  die 
polar  equation  to  the  curve  described. 

21.  P  draws  up  W  by  means  of  the  wheel  and  axle;  find  the 
accelerating  force  on  P. 

22.  The  strength  of  a  string  by  which  a  body  may  be  whirled 
round  in  a  vertical  circle,  must  be  able  to  support  six  times  the 
weight  of  the  body. 

23.  A  paraboloid  resting  on  an  horizontal  plane  has  its  axis  drawn 
a  little  from  the  vertical,  and  begins  to  oscillate ;  find  the  time  df 
one  of  its  small  oscillations. 

24.  Define  the  centre  of  oscillation,  and  shew  that  the  centf^s  of 
oscillation  and  suspension  are  reciprocaL 


CAIUS  COLLEGE,  MaV  1830. 

1.  If  two  weights  balance  each  other  on  a  straight  lever,  tlieiif 
distances  from  the  fulcrum  are  inversely  as  their  weights. 

2.  If  any  two  forces  act  at  the  same  point,  they  are  equivalent  to 
a  single  force  whose  magnitude  is  expressed  by  the  diagonal  of  the 
pvallelogram,  of  which  the  sides  express  the  magnitude  and  direction 
of  the  two  forces. 
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S.  If  imy  number  of  parallel  forces  P,  P^  P^,  &c.  act  on  a 
sjstem  X,  jf»  z,  si^  ^^  /^  &c  being  the  co-ordinates  of  their  points  of 
ap|i]]cati0nj  and  if  ar^  yj  z  be  the  co-ordinates  of  the  centre  of  forces  ; 
shew  that 

P.x+pg^+P^g^^+&c. 
**"       P  +  P+P'  +  &c.      ' 

^_P.y  +  Py-f-P^y  +  &c 

^       p  +  p+p^'  +  &c.    ! 
^*     p  +  p'  +  p^  +  &c    ! 

4.  Find  the  centre  of  gravity  of  a  pyramid  whose  base  is  a 
triangle. 

5.  ProTe  Guldin*s  theorems. 

6.  Given  the  resultant  72  of  two  forces  P>  Q,  their  sum^  and 
their  inclination ;  to  find  the  forces. 

7.  P  supports  Q  on  a  given  inclined  plane^  P*8  direction  making 
with  the  plane  an  angle  f ;  to  find  the  conditions  of  equilibrium. 

8.  Determine  the  same^  taking  into  account  friction. 

9.  In  a  system  of  pullies,  each  string  is  attached  to  the  weight* 
Determine  the  equation  of  equilibrium,  taking  into  account  the 
weight  of  the  blocks. 

10.  Find  the  equations  to  the  common  catenary,  and  if  /  =  the 
tension  at  any  point,  f  ss  the  radius  of  curvature,  and  c  =s  tension  at 

lowest  point,  then  ^  =  — 

c 

11.  A  beam  iJPQ)  rests  upon  two  inclined  planes;  to  find  the 
pontion  of  equilibrium*    '" 

1 2.  Prove  the  principle  of  virtual  velocities  for  the  five  mechanical 
powenu 

13.  Two  bodies  m,  m'  move  in  the  same  direction  with  velocities 
V,  i/,  and  «  is  greater  than  t/,  determine  their  motions  after  impact, 
first  when  perfectly  hard,  and  next  when  their  common  elasticity 
is  f. 

U.  Wlien  a  body  is  acted  upon  by  a  uniformly  accelerating  force 
fhewthat 

9-\sf^t  v^gi,  and#=:^- 
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15.    A  bodj  b  pfbfecUd  from  a  giveo  pouife  m  m  giTm  directaoii 
With  a  given  telooity ;  piov*  iktA 

is  to  the  equation  t6  the  curve,  fttid  shew  the  eurye  to  be  the  common 
parabola  of  which  the  parameter  = • 

.  16.    The  velocity  acquired   in   falling  down  any  curve  =  the 
velocity  acquired  bf  ^Edling  freely  doWii  the  same  vertical  height 

17.    Find  the  time  of  oscillation  in  a  common  cycloid,  and  in  a 
eirde. 
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TRINITY  COLLEGE,  1S22. 

1 .    Whik  a  fluid  it  At  fett  its  surfaoe  Is  horuontal. 

%  Sh^w  bow  the  oapooity  of  an  irregular  veSKl  may  practioally 
be  found  with  aocuraoy. 

S.  Between  avery  two  positions  of  stable  equilibrium  of  a  floating 
body  there  is  a  pofition  of  unstable  equilibrium. 

4.  Supposing  that  it  requires  one  nth  part  the  weight  of  a  partide 
of  water  to  overcome  its  adhesion :  And  what  is  the  least  slope  down 
which  water  would  flow. 

5.  It  is  found  that  on  mixing  63  pints  of  sulphuric  acid  at  1*82  ^ 
specifie  gravity,  with  24?  pints  of  water,  one  pint  is  lost  by  their 
mutual  penetration :  find  the  specific  gravity  of  the  compound. 

6.  Find  the  whole  pressure  on  the  side  of  a  hollow  octahedron 
filled  with  water, 

(1).  When  suspended  by  an  angle. 

(2).   When'-by  two  adjacent  angles,  with  the  intermediate 
edge  horizontal 

(3).  When  by  theJihr^e  angles  of  a  side,  so  that  this  side  is 
horizontal ; 
the  length  of  an  edge  being  a  inches :  and  the  weight  of  a  soUd 
foot  of  water  being  1000  ounces. 

7.  How  far  may  a  shaft  AX^  be  bored  perpendicularly  into  the 
vertical  face  of  a  canal-bank  before  the  bank  would  be  blown  up  ; 
nippofiing  that  the  tenacity  of  the  earth  would  be  accounted  for  by 
an  addition  to  its  specific  gravity,  and  that  the  form  of  the  bank  is 
^termined  by  the  equation  PM^:9f{AM),  {AM)  being  the  vertical 
fine  from  the  point  P  on  the  bank,  to  3f  in  the  shaft. 

Apply  Che  reault  to  the  case  where  AB  is  7  feet,  BC  is  2  feet, 
tbe  huik  is  a  plane  of  50^  elevation ;  the  specific  gravity  of  the 
orth  being  j^'d5,  and  the  addition  for  adhesion  being  ^  of  the 
weight. 

B  2 
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8.  A  hollow  sphere  filled  with  water  is  divided  by  a  vertical 
section  throagh  the  centre ;  find  how  long  the  water  will  be  in 
escaping  if  the  two  halves  are  separated  by  a  given  small  interval 
from  each  other. 

9.  A  cylinder  filled  with  water  empties  itself  through  a  hole  in 
the  side,  whose  area  is  aS  at  the  hei^^t  b.  After  the  times  r  and  t 
it  is  observed  to  spout  to  the  distance  tn  and  n  respectively  from  the 
foot  of  the  cylinder.    Find  the  dimensions  of  the  cylinder. 

10.  A  piston  of  given  area  a"  working  in  a  cylinder,  forces  water 
through  a  pipe  of  given  aperture  c^  opening  upwards.  Find  tho 
rate  at  which  the  piston  must  move,  and  the  force  that  must  be 
applied  to  it,  to  make  the  water  spout  to  the  height  h. 

11.  A  fluid  spouts  in  a  vertical  direction ;  find  the  form  it  should 
assume. 

12.  Explain  the  phenomenon  of  capillary  attraction ;  and  deduce 
the  relation  between  the  diameter  of  the  bore,  and  the  height  at 
which  it  will  sustain  a  given  fluid. 

IS.  Investigate  the  density  of  the  air  at  a  given  height  above 
the  earth's  surfate ;  and  shew  how  the  result  may  be  applied  to  the 
ascertaining  of  the  height  of  mountains. 

H.  A  bucket  of  water  is  whirled  round  in  an  horisontal  circle ; 
find  the  form  which  its  surface  will  assume  when  the  suspending 
string  is  inclined  at  an  angle  of  60"  to  the  horizon. 

15.  Find  the  velocity  of  a  ball  in  an  air-gun,  supposing  the 
resbtance  of  the  compressed  air  before  the  ball  to  vary  as  the 
velocity. 

16.  What  is  the  nature  of  the  curve  of  isoduronous  osdllations 
when  the  resistande  is  as  the  square  of  the  velocity. 


TRINITY  COLLEGE,  18S3. 

1 .  A  Spring  on  the  side  of  a  hill  appears  on  the  same  level  with 
the  foundation  of  a  house  on  an  opposite  hill,  known  to  be  at  the 
distance  of  a  mile;  within  what  distance  of  t)ie  true  level  of  the 
bouse  can  wat^r  be  conveyed  in  pipes  from  the  spring  ? 
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2.  A  Gtrde  is  just  immersed  in  a  yessel  of  fluid ;  divide  it  hy 
another  cicde  touching  it  internally  at  the  surface  into  two  parts, 
such  that  the  preaiures  upon  them  shall  be  as  »  :  1. 

S.  If  the  specific  gravities  of  fluids  be  proportional  to  the  parts 
of  the  axis  of  an  hydrometer  extant  above  the  fluid ;  what  is  the 
foim  of  the  stem,  considered  as  a  solid  of  revolution  ? 

4.  Supposing  the  specific  gravity  of  a  man,  of  water,  and  coriti 
to  be  1 120, 1000,  and  240  respectively ;  what  quantity  of  cork  must 
be  connected  to  a  man  weighing  1501bs.,  that  he  may  just  float  in  the 
water? 

5.  niustrate  the  nature  of  stable  and  unstable  equilibrium,  by 
the  instance  of  a  solid  elliptic  cylinder  placed  in  A  fluid  of  twice  its 
specific  gravity. 

6.  If  a  barometer,  having  its  lower  end  immersed  in  a  bason  of 
mercury,  be  suspended  from  the  beam  of  a  balance,  it  is  found  to 
weigh  as  much  as  when  it  is  inverted,  filled  to  the  same  height,  and 
suspended  by  the  other  end,    Ej^lain  this  circumstance* 

7.  If  B  equal  the  altitude  of  the  barometer  at  a  lower  station 
and  &  at  a  higher,  and  ii  be  the  modulus  of  the  atmospheric  system 
of  logarithms,  prove  that  the  altitude  (a)  may  be  found  without 
logarithms  very  nearly  by  this  formula  : 

,AB         Ab 
«=^*  — -*B- 

8.  Abstracting  from  gravity,  suppose  that  any  number  of  forces 
are  in  equilibrium  when  applied  to  the  pistons  of  cylinders,  which 
are  fitted  to"  apertures  in  a  vessel  of  water;  prove  that  the 
general  principle  of  virtual  velocities  obtains  in  a  machine  of  this 
nature. 

9.  The  velocity  with  whidi  an  ekstic  fluid  rushes  into  a  vacuum 
is  independent  of  its  density. 

10.  Having  given  the  velocity  of  a  vessel,  and  also  that  of  the 
wind,  and  the  angle  made  by  the  wind  and  keel ;  find  the  angle 
made  by  the  keel  and  sail  when  the  propelling  force  of  the  wind  is 
the  gr^test  posnble. 

lU  If  steam  from  a  boiler,  the  pressure  of  which  on  the  unit 
sf  surface  is  P,  be  admitted  above  the  piston  of  a  cylinder,  (diamt 
2r)  whQe  it  descends  through  a  given  space  s,  and  then,  the  com«- 
omnicatian  being  closed,  the  steam  be  left  to  expand ;  prove  that  the 
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wtole  effect  (ertimated  on  the  principle  of  the  ^  vivft)  of  the  steam 
acting  thnmgli  the  additional  space  S,  will  be 

12.    IfUiei^«Ua»ocvaiy  as  the  velocity,  and  gwvitfftaoiiifo 
in  Unee  perpendicular  to  the  horizon,  the  ydodty  of  the  projectile  at 
$Bf  p<»nt  is  as  the  tangent  produced  to  the  asymptote.    lNt«k>H, 
Vd.  11.  Prop.  4.] 


TRINITY  COLLEGE,  IS24. 

• 

1.    I^XFiKB  a  fluid  2  ttsid  an  dastic  fluid. 
S.     Explain  the  action  of  a  syphon. 

3.  The  whole  pressure  on  any  surface  immersed  in  a  fluid,  is 
equal  to  the  weight  of  a  column  of  the  fluid,  whose  base  is  equal  to^ 
the  surface  pressed,  and  its  height  equal  to  the  depth  of  the  centre  of 
gravity  of  that  surface  below  the  surface  of  the  fluid. 

4.  Investigate  the  rule  for  finding  the  centre  of  pressure,  and 
apply  it  to  the  case  of  a  triangle,  a  side  of  which  is  coincident  with 
the  suHace  of  the  fluid. 

5.  A  hemispherical  cup  is  filled  by  a  solid  hemisphere,  which 
turns  round  a  fixed  horizontal  diameter  as  an  axis :  shew,  that  if 
the  solid  be  turned  about,  and  a  fluid  of  double  the  specific  gravity 
of  the  solid  be  poured  into  the  cup,  then,  upon  the  solid  being  allowed 
gently  to  return,  the  fluid,  whatever  was  its  quantity,  will  rise 
exactly  to  the  edge  of  the  cup,  and  none  will  escape.  (The  principle 
of  Mr.  Cecil's  Lamp.) 

6.  Required  the  weight  of  a  hydrometer,  which  sinks  aa  deep  in 
rectified  spirits  (specific  gravity  -866),  as  it  sinks  in  water,  when  it 
is  loaded  with  67  grains. 

?•  A  balloon  of  given  weight  and  capacity  is  so  oonstrttctad,  that, 
as  it  rises,  the  air  escapes,  till  the  elasticities  of  the  intonal  and  of 
the  external  air  are  equal.  Compact  the  greatest  it  can  attain,  with 
thai  wUch  it  could  have  attained,  if  the  air  had  not  been  softrad  to 
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S.  If  A  bexomeler  be  pbeed  mtdir  tlie  receiTer  of  an  tir-pump^ 
^btt  sum  of  the  altilodes  in  the  batometer  snd  in  the  gage  will  be 
constant. 

9.  ExplMn  the  constractkm  of  a  Ibroe  puinp ;  and^  sbppesitig  the 
water  to  be  foraed  in  gtyen  quantities^  end  at  gi^en  interrak;  into 
an  air-vesBel  of  known  capacity^  find  the  greatest  and  laM  velocities 
of  the  iflioing  fiream- 

10.  Giiea  the  fareadi^  of  a  wave,  and  ihe  itta  of  its  appavost 
notion,  to  find  its  height. 

1 1 .  Given  the  situations  of  a  bucket  of  an  overshot  wheel  whare» 
independently  of  Qie  centrifugal  force,  the  water  would  begin  to 
leave  it,  and  where  it  would  be  wholly  discharged  ;  find,  either  by 
a  gauuwiiiial  eoMtruetlon,  or  algebmcally»  the  ooftesponding 
situations  when  the  centrifugal  ftvoe  is  eooiidend. 

12.  Gonpaie  the  resistanoaa  to  the  motioa  of  •  eube  in  a  fluid, 
whea  it  moves  in  tha  direction  of  its  losgeat  diagDMl»  and  when 
it  moves  in  the  direction  of  an  edge. 

18.  Investigate  the  rdation  between  the  tdddcy  of  a  aiachiae 
drifen  by  the  direct  impulse  of  water,  and  thitt  of  the  wttef,  that 
the  effect  may  be  a  mazinuiB« 

li".  Beqidred  the  greatest  vdoeity  of  a  heavy  aphdn  sinking  in 
a  fluid ;  and  apply  the  result  to  determining  the  iqpeoifle  gravity 
and  fltagnitute  of  metallie  apberules,  too  aunute  to  be  meaanred 
or  weighed. 

15.  How  most  ^i  density  of  a  Msisttng  medium  vary,  that  a 
heavy  body,  projeeted  faonMDtally,  may  desccibe  the  quadrant  of  a 
circle? 


TRINITY  COLLEGE,  1897. 

1.  A  Ofvsif  quantity  of  fluid  is  contained  in  a  bottle  of  given 
base.  If  by  aarrowing  the  upper  part  of  the.  bottle  the  fluid  be 
made  to  stagd  higher,  how  will  the  pressure  on  the  base  be  affected, 
and  how  the  weight  of  the  vessel  ? 

S.  If  a  body  float  on  a  fluid,  the  part  immersed  :  whole  body  : ; 
specific  gravity  of  body  :  specific  gravity  of  fluid. 
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S.  Two  bodiet  of  equal  wei§^U  when  fnnnectri  will  jut  float ; 
what  is  the  rekfeum  of  their  specific  gimTities  aod  of  that  of  the 

fluid? 

4«  From  a  thin  hollow  iron  sphere  of  which  the  ladios  is  ««  n 
segment,  (^  which  the  abscissa  is  6,  being  cut,  wiUjnstflbat;  what  ia 
the  whole  weight  of  the  sphere  ? 

5.  Define  a  level  turf  ace;  and  shew  that  the  pieanire  at  all 
points  of  a  level  soifaoe,  in  any  fluid  in  equilifarinm^  is  the  same. 

6.  Prove  the  expressions  for  the  co-ordinates  of  the  centre  of 
pressure* 

ffX^ixdf,  y_ffxydxd^ 

"^^  ffxdxdy  '      ^  "  ffxdxdy 

and  apply  them  to  the  case  of  a  quadrant  with  its  radii  horiaontal 
and  vertical^  and  its  convexity  downwards. 

7.  In  the  oblique  poution  of  flotation  of  an  isosceles  tdangle,  the 
circle  described  through  the  vertex  and  the  extremities  of  Che  line  of 
flotation  will  bisect  the  base. 

8.  In  a  level  it  is  found  that  the  bubble  moves  -^th  of  an  indi 
for  each  change  of  V  in  the  inclination  of  the  tube.  What  is  the  fiann 
of  the  interior  upper  surface,  and  its  curvature  ? 

9.  The  Thames  tunnel  consisted  of  a  horiaontal  way  30  feet 
wide,  15  feet  high,  and  580  feet  long,  and  of  a  circular  vertical  shaft 
50  feet  diameter;  supposing  the  river  to  be  SO  feet  deep,  and  to  rush 
in  through  an  aperture  of  1  foot  square ; 

(1  )•  How  long  would  the  horisontal  way  take  in  filling? 

(2).  How  long  would  the  shaft  take  in  filling? 

10.  The  transverse  section  of  the  immersed  part  of  a  boat  being 
a  semicircle ;  find  the  direction  and  magnitude  of  the  whole  pressure 
on  one  side  of  the  section. 

1 1.  Find  the  resistance  upon  the  prow  of  a  boat  supposed  to  be 
in  the  form  of  a  quarter  of  a  sphero  bounded  by  a  horizontal  plane, 
and  a  plane  perpendicular  to  the  direction  of  its  motion. 

12.  In  a  capillary  tube,  what  part  of  the  tube  is  employed  in 
sustaining  the  fluid,  and  how  is  this  proved?  Shew  that  the  height 
at  whidi  the  fluid  will  stand  will  be  inversely  proportional  to  the 
diameter  of  the  tube< 
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IS.  In  an  imperfect  barometer  tube^  of  which  the  length  is  33 
inches^  the  mercury  stands  at  29,  when  in  a  perfect  one  it  is  at  30 : 
at  what  height  will  it  stand  in  the  imperfect  one,  when  it  is  at  20 
in  the  perfect  barometer  ? 

14.  A  rectangular  parallelopiped  of  which  the  specific  gravity  is 
one  ha]f>  floats  with  a  side  horizontal ;  what  is  its  stability  }  In 
what  case  will  the  eqtnUbrium  of  indifference  subsist  ? 

15.  A  heavy  piston  descends  by  its  weight  in  a  tube  filled  with 
air ;  find  its  velocity  at  any  point,  and  the  depth  to  whidi  it  will 
descend  (neglecting  friction.) 

16.  Explain  the  common  pump.  What  are  the  conditions  under 
which'it  will  not  work  when  the  piston  does  not  descend  to  the  fiiied 
valve? 

17.  If  the  elasticity  of  the  air>  including  the  efiect  of  tempera- 
ture, vary  as  the  (density)^'*''",  shew  that  the  pressure  (p)  at  any 
altitude  z,  will  be  given  by  the  formula 

A  being  the  height  of  a  homogeneous  atmosphere,  of  density  D,  and 
r  the  radius  of  the  Earth. 

Also  m  being  i;  find  the  whole  height  of  the  atmosphere. 


TRINITY  COLLEGE,  May  1828. 

1.  If  two  fluids  coinmunicate  in  a  bent  tube,  their  perpendicular 
altitudes  above  the  plane  where  they  meet  are  inversely  as  their 
specific  gravities. 

2.  To  find  the  specific  gravity  of  a  body  lighter  than  the  fluid 
in  which  it  is  weighed. 

S.  A  hollow  iron  sphere  just  floats  in  water :  find  iu  thickness. 
If  the  exterior  and  interior  surfaces  are  not  concentric,  how  may  the 
fact  be  ascertained  ? 

4.    Compare  geometrically  the  resistance  on  a  semicircle  moving 
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in  a  Hiiid  perpebdkalftrly  to  its  diameter,  with  ih«  Hmtwoe  on  it^ 
diameter* 

5.  A  close  paraboloid  containing  common  atmospberic  air  Is  let 
down  in  water  to  a  certain  depth,  and  a  small  orifice  being  opened 
at  iti  rertex,  which  is  downwards,  the  water  riaes  up  to  the  middle 
of  its  axis.  Determine  the  depth,  and  the  velooity  with  whldi  the 
water  first  rushed  in. 

6«  A  cxliitdjiflal  hueket,  containing  a  giren  qnanttijr  of  #Bter,  is 
whirled  round  its  aiun  with  a  given  angular  yeloeitj,  not  great 
enough  to  throw  any  water  over  the  top*  A  small  cnfioe  bewg 
opened  at  the  centre  of  the  base,  find  the  quantity  of  water  whkh 
can  00c^  hy  it^  and  the  time  in  which  a  given  quantity  will  flpw 
out. 

7.  A  sphere  full  of  water  is  placed  on  a  horizontal  plane*  Find 
the  point  at  which  a  hole  being  bored  through  it  perpendicularly  to 
its  surftuse,  the  water  shall  spout  to  the  greatest  distance  on  the  hori- 
zontal plane. 

8.  Determine  the  position  of  equilibrium  of  a  homogeneous  semi- 
parabola  in  a  fluid,  supposing  the  axis  and  the  extreme  ordinate  wholly 
extant. 

9.  A  vessel  full  of  water  has  a  side  loose,  whose  diape  is  a  given 
triangle,  with  the  base  horizontal,  and  vertex  downwards.  Find 
the  magnitude  and  poinl^^f  sppUcadon  of  a  force  wbidi  shall  keep 
it  in  its  place. 

10.  Define  the  Metacenire,  and  show  how  it  may  be  found. 
Explain  how  its  position  determines  the  stability  of  a  floating  body* 

1 1.  The  height  of  a  homogeneous  atmosphere  is  the  same  for  all 
distances  above  the  Earth's  surface. 

12.  Describe  the  construction  and  action  of  the  common  air- 
pump,  and  determine  the  quantity  of  air  remaining  in  the  receiver 
after  /  turns. 

13.  Determine  the  curve  traced  out  by  the  extremity  of  the 
horizontal  diameter  of  a  small  spherical  air-bubble  ascending  in  a 
fluid. 

14.  Describe  the  air-gun,  and  having  given  the  quantity  of  air 
and  the  space  occupied  by  it  at  first,  find  the  velocity  of  the  bullet 
aft  any  i^ven  point  of  the  tube. 


Digitized  by  VjOOQIC 


ii.    ] 


CML  i999*2  ^  tiTDftocrrAVict.  M 

1&  Tilt  A>iM  Tttiei  M  the  diUMwe^  and  the  teiisCanoe  of  tlie 
medium  as  the  square  of  the  yelocttf  •  Find  the  veloci^  of  a  body 
JimBpflii^  ttwaidft  ib«  Mlt«e>  and  diew  fsom  yourreauU  that  when 
the  lesiitance  Tniiishef>  the  vdocitx  ooineides  with  that  in  a  non* 


TRINITY  COLLEGE,  June  1829. 

1 .  FiNO  the  equation  to  the  surfaoe  of  re volutioDj  such  that  when 
fiUed  with  fluid,  andplacod  with  its  vertex  upwimls»  the  iiressun 
o«  aof  hoxixontal  sectkm  equals  the  pressure  on  the  cunre  sarfaee 
above  ic 

2.  If  two  fluids  communicate  in  a  bent  tube^  their  perpendicolaf 
altitudes  above  ttie  plane  where  they  meet  are  inversely  as  their 
specific  gravities. 

3.  If  a  lighter  fluid  rest  upon  a  heavier^  and  their  specific  gravi« 
ties  be  as  a  :  5^  and  a  body,  whose  specific  gravity  is  c,  rest  with 
one  part  P  in  (ihe  upper  fluids  and  the  other  part  Q  in  the  lower, 

then       P  ;  Q : :  6  —  c  :  c  -^  a. 

4.  Define  the  centre  of  pressure,  and  shew  how  its  position  may 
be  detfltnhsed. 

5.  In  the  side  of  a  vertical  flood«gate  is  a  rectangular  aperture, 
whose  sides  are  vertical.  To  this  aperture  is  fitted  a  door  moveable, 
m  a  direction  perpendicular  to  its  plane,  about  a  horizontal  axis 
passing  through  its  centre  of  gravity.  Given  the  height  at  which 
the  water  stands  on  one  side  of  the  gate ;  find  the  height  at  which 
it  must  stand  on  the  other,  in  order  that  the  door  may  remain  at 
rest.  If  the  water  rise  on  the  deeper  side,  which  way  will  the  door 
he  poshed  open  ? 

6.  A  hemisphere,  with  a  fiat  lid,  filled  with  fluid,  is  held  with 
a  point  in  its  edge  uppermost.  Find  its  positijon  wRen  the  sum  of 
the  pressures  on  the  curve  and  plane  surfaces  is  a  maximum. 

7.  It  is  found  that  when  a  small  horizontal  orifice  is  opened  in 
the  side  of  a  cone  filled  with  fluid  at  a  height  «=i  of  the  cone's 
height,  the  fluid  spouts  to  the  greatest  distance  on  the  horizontal 
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plane  on  wbidi  the  cone  is  standing.    Compare  the  height  of  the 
cone  with  the  diameter  of  its  base. 

8.  Determine  the  greatest  angular  velodtj^  with  whidi  a  sphere 
filled  with  water  may  be  whirled  round  its  vertical  azis>  so  as  to 
allow  the  whole  of  the  water  to  escape  by  a  small  orifice  at  the  low* 
est  pcnnt. 

9.  A  cone  full  of  water  is  pierced  with  innumerable  holes  per- 
pendicular to  its  surface.     Find  the  boundary  of  the  issuing  fluid. 

10.  A  cylinder  whose  height  is  a,  and  base  b,  open  at  the  top, 
and  filled  with  fluid,  is  placed  by  the  side  of  a  paraboloid  of  equal 
height  and  base,  also  open  at  the  top.  A  communication  being  opened 
between  the  vessels  by  means  of  a  small  orifice  whose  area  is  A^y 
shew  that  the  time  which  elapses  before  the  fluid  stands  at  the  same 
height  in  each 

1 1.  Over  two  pullies  in  the  same  hori2ontal  line  passes  a  string 
of  inconsiderable  weight,  to  which  are  attached  two  cylindrical 
ye^ls,  equal  in  every  respect,  containing  unequal  quantities  of  water. 
A  small  orifice  of  the  same  size  being  simultaneously  opened  in  the 
base  of  each,  and  the  vessels  being  at  the  same  moment  allowed  to 
move,  find  ( 1 )  the  quantity  of  water  remaining  in  one  vessel  when 
the  other  is  empty,  and  (2)  the  time  in  which  this  remaining  quan- 
tity will  run  out.  (N.  B.  It  is  supposed  that  the  ascending  vessel 
does  not  reach  the  puUy  towards  which  it  is  moving  before  both  are 
emptied.) 

12.  Two  equal  cylinders  being  placed  as  in  the  last  problem,  but 
containing  equal  weights  of  fluids  of  different  specific  gravities ;  state 
the  effecU  which  will  result  from  simultaneously  opening  a  •wy«ll 
orifice  of  the  same  size  in  the  base  of  each. 

13.  Define  the  Metacentre,  and  shew  how  its  position  determines 
the  stability  of  a  floating  body. 

U.  In  an  i^pperfectly  exhausted  barometer,  the  depression  below 
the  standard  altitude  is  to  the  standard  altitude  as  the  space  which 
the  air  left  in  the  tube  occupied  before  immersion  is  to  the  space 
which  it  occupies  after. 

15.    Describe  the  constxaiction  and  action  of  the  common  Pump. 
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TRINITY  COLLEGE,  Mat  18S0. 

1.  Tbb  equality  of  the  pressure  of  fluid  in  all  directions  may 
be  deduced  from  the  principle,  that  when  a  mass  of  fluid  is  in  equi* 
lihrium,  the  state  of  rest  is  not  altered  by  supposing  any  portion  of 
the  mass  to  become  solid. 

S.  The  pressure  at  any  point  of  a  fluid  mass  of  uniform  density 
contained  in  any  yessel  and  acted  upon  by  gravity,  is  proportional 
to  the  perpendicular  depth  of  the  point  below  the  surface  of  the 
fluid.  In  what  manner  is  the  pressure  estimated,  when  it  is  said  to 
be  equal  to  gfh,  g  being  the  measure  of  the  accelerative  force  of 
gravity,  A  the  depth  below  the  surface,  and  f  the  density  ? 

8.  The  pressure  of  a  fluid  against  any  surface  in  a  direction  perm 
pendicular  to  it,  varies  as  the  area  of  the  surface  multiplied  into  the 
depth  of  its  centre  of  gravity  below  the  surface  of  the  fluid. 

4.  Hie  pressure  of  a  fluid  dotvntvards  against  the  sides  and 
bottom  of  any  vessel  whatever^  is  the  weight  of  the  fluid  contained 
in  it. 

5.  The  weight  of  P  in  water  was  1 0  grains,  of  Q  in  air  1 4  grains, 
of  P  and  Q  connected  tc^ther,  the  weight  in  water  was  7  grains ; 
the  specific  gravity  of  water  being  1,  and  of  air  *0013,  shew  that 
the  spedflc  gravity  of  Q  was  *8237,  and  that  it  was  as  large  as  17*023 
grains  of  water. 

6.  A  tube,  the  upper  part  of  which  was  bent  like  a  retort,  and 
contained  a  quantity  of  powder,  was  plunged  vertically  into  mercury 
to  a  certain  depth,  after  having  been  partially  exhausted  of  air ;  the 
mercury  stood  in  it  at  the  hdght  /,  and  after  the  tube  was  depressed 
through  an  additional  space  a,  at  the  height  /  — J*:  the  powder  hav- 
ing been  taken  out,  the  tube  was  exhausted  again  so  that  when 
plunged  to  the  same  depths  as  before,  the  mercuiy  stood  at  the 
heights  /  and  l^g;  hence  shew  that  if  kf  ss  the  transverse  section 
of  the  tube,  and  h  =s  the  height  of  the  mercury  barometer,  the  solid 
content  of  the  powder  was 
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7.    Obtain  the  general  equation  of  the  equilibrium  of  fluids, 
dp  =  f  {Xdx  +  1%  +  Zdz)  ; 

and  the  equation  of  condidon  that  niuit  be  aaliafied  that  the  equi- 
librium may  be  possible. 

••  When  any  fluid  mass  Is  in  equilibrium^  the  points  of  equal 
density  lie  In  continuous  surfaces^  which  ate  also  surfitees  of  equal 
piesmre. 

^  9.  Prove  that  in  the  earth's  atmosphere^  considered  independently 
of  the  diurnal  rotation,  the  conditions  of  equilibrium  are  not  satis- 
flad,  by  reason  of  the  irregular  distribution  of  the  heat  from  the  sun, 
and  in  oonsequence  that  winds  continually  prevail. 

10.  A  cylindrical  vessel  of  given  dimensions  containing  air,  re^ 
volves  about  its  axis  with  a  given  angular  velocity ;  it  is  required  to 
find  the  pressure  at  the  surface  of  the  cylinder,  and  the  law  of  the 
variation  of  the  pressure  from  the  axis  to  the  surfkce. 

1 1.  Obtain  Laplace's  formula  for  the  barometric  measurement  of 
heights. 

12.  If  fluid  of  any  kind  be  moving  in  such  a  manner  that  at 
the  same  point  in  space  the  velocity  is  constantly  the  same  in  quan** 
tity  and  direction,  then  if  X,  Y,  Z  be  the  forces  impressed  at  any 
point  whose  co-ordinates  are  x,  y,  z,  and  v  be  the  velocity  at  this 
point. 


J 


^  =  /(Xdx  +  Ydy  +  Zd»)  -ff  +  C. 
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13.  Ascertain  the  velocity  with  which  air  in  a  large  vessel  main- 
tained in  a  given  state  of  compression,  will  issue  through  a  small 
orifice  into  the  atmosphere. 

14.  Describe  the  action  of  the  Hydraulic  Raou 

15.  When  a  body  aoted  upon  by  a  force  tending  to  a  centM,  d^ 
scribes  a  curve  in  a  resisting  medium,  the  velocity  at  any  point  is 
that  aoquired  by  falling  down  one  fourth  the  chord  of  curvatura  by 
the  action  of  the  force  at  that  point. 

16.  If  an  indefinitely  slender  column  of  air,  in  which 

be  any  how  put  in  motion,  and  the  motion  be  small,  the  Telocity  v 
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St.  JOHN'S  COLLEGE,  D»c.  1820. 

1.  "ExPUaii  tbe  construction  and  use  of  a  common  barometer 
and  its  yemier.     Construct  also  a  self-registering  thermometer. 

i.  Shew  how  the  specific  grayities  of  solid  and  gaseous  bodies 
nty  be  determined. 

3.  A  body  when  put  under  the  receiver  of  a  given  air-pump 
weighs  (a)  ounces,  and  after  (n)  turns  weighs  (b)  ounces.  Required 
the  weight  of  the  body  in  vacuo ;  and  supposing  the  specific  gravity 
of  the  body  known^  determine  the  density  of  the  air  in  the  receiver 
at  first.  * 

4.  A  tretrahedron  is  filled  with  water*  Having  given  the  length 
of  one  of  its  edges,  and  the  pressure  on  the  base,  find  the  pressure  on 
the  sides. 

5.  A  given  cone  filled  with  water  is  supported  with  its  axis 
inclined  to  the  horizon  at  a  given  angle.  Find  on  what  section 
parallel  to  the  base,  the  pressure  is  a  maximum. 

6*  Given  the  quantity  of  air  left  in  a  barometer  tube  before 
ianenioii,  find  the  height  at  which  the  mercury  is  supported  after 
immefaioii.    What  would  be  the  height  if  the  particles  repelled  each 

other  with  forces  varying  as  — -j  ?     ^ 

7.  A  diving  bell  of  given  dimensions  in  the  form  of  a  hemis- 
pbeioid,  the  sections  parallel  to  the  base  being  ellipses,  sinks  till  the 
water  reaches  the  middle  point  of  its  axis ;  fihd  its  depth  below  the 
surface.  i 

8.  A  givfli^  frustum  of  a  paraboloid  whose  density  is  (d)  sinks 
to  a  d^th  (a)  in- a  fiuid.  How  far  will  a  similar  and  equal  frustum, 
sinOarly  immersed)  whose  density  varies  inversely  as  the  distance 
from  the  vertex,  and  at  the  smaller  end  is  equal  to  d,  sink  in  the 
samefloid? 
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0.  The  groin  AMPQ,  is  generated  by  ihe  motipn  of  a  variable 
parabda  apm  parallel  to  itself^  the  section  through  the  axes  of  the 
parabolas  being  a  right-angled  isosceles  triangle  ANM.  Given  the 
dimensions  of  the  upper  surface  PMQ,  find  the  time  of  emptying 
through  a  small  given  orifice  at  A,  the  vessel  being  full^  and  the 
axis  i^A^veriicaL 

10.  A  given  cylinder  rests  in  water  with  its  axis  vertical,  and 
two-thirds  of  it  immersed.  Suppose  half  the  part  extant  to  be 
suddenly  taken  ofi^  find  the  time  of  an  oscillation. 

11.  A  prismatic  vessel  filled  to  a  given  altitude^  has asmall given 
orifice  made  in  the  middle  of  its  side.  Compare  the  forces  at  first, 
and  after  «",  with  which  the  spouting  fluid  strikes  a  vertical  plane. 
The  e&cts  being  estimated  in  a  direction  perpendicular  to  the  plane, 
whose  distance  from  the  vessel  is  given. 

12.  Two  equal  cylinders  A,  B,  whose  density  is  {2d)  and 
altitude  (a)  are  immersed  in  different  fluids,  vi«.  il  in  a  fluid  whose 
density  varies  as  the  deptli,  and  B  in  a  fluid  of  uniform  density  (d). 
When  connected  by  a  string  passing  over  a  fixed  pulley  they  baknce 
in  a  given  position.  Supposing  B  depressed  through  a  space  (c), 
find  by  how  much  it  must  be  lengthened  to  restore  the  equilibrium. 

St.  JOHN'S  COLLEGE,  Dec.  1827. 

L  The  pressure  on  any  surface  immersed  in  a  fluid,  is  equal  to 
the  weight  of  a  column  of  fluid,  whose  base  equals  the  surfiuse 
pressed,  and  altitude  the  perpendicular  depth  of  its  centre  of 
gravity. 

2.  A  body  is  floating  between  two  known  fluids,  and  the  part 
immersed  in  the  lower  is  observed  to  be  the  same,  as  if  it  were 
floating  on  the  surface  of  a  fluid,  formed  by  the  mixture  of  equal 
quantities  of  the  two  fluids;  required  the  specific  gravity  of  the 
solid. 

S.  A  sphere  is  full  of  fluid ;  draw  that  horijrontal  section  which 
shall  sustain  the  greatest  pressure,  and  compare  that  pressure  wiUi 
the  pressures  on  the  two  surfaces  into  which  the  sphere  is  thus 
divided. 

if*    Explain  the  clause,  f^nd  action  of  redprocating  springs, 
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5k  A  given  cylinder  is  excavated  beneath  into  the  form  of  an 
hemiipheroidi  having  the  same  base  and  altitude.  How  high  may  this 
be  filled  with  fluid,  whose  specific  gravity  equals  n  times  that  of  the 
cylinder,  before  it  begins  to  raise  it  from  the  horizontal  plane  ? 

6.  A  cone  with  its  vertex  upwards  is  filled  with  fluid,  whose 
density  varies  as  the  nth  power  of  the  perpendicular  depth, 
required  to  compare  the  pressure  on  the  conical  surface  with  the 
weight  of  the  fluid. 

7.  Find  the  resistance  on  an  oblate  spheroid  moving  in  a  fluid  in 
the  direction  of  its  axis. 

8.  To  find  the  effect  on  the  graduation  of  a  barometer  tube,  when 
the  area  of  the  basin  is  taken  into  account. 

9.  A  vessel  of  fluid  in  the  form  of  a  paraboloid  is  placed  with  its 
vertex  downwards,  find  where  a  small  given  orifice  must  be  made, 
that  the  fluid  may  continue  to  issue  for  the  greatest  length  of  time,  and 
compare  that  time  with  the  time  of  emptying  the  whole  vessel  through 
the  same  orifice  in  the  lowest  point. 

10.  The  barrel  of  an  air-pump  discharges  at  every  stroke  into 
ihe  receiver  of  a  condenser.  Required  the  density  in  the  condenser 
after  n  strokes,  both  vessels  being  filled  with  common  air  at  first. 
Also  determine  the  limit  to  the  increase  of  density  in  the  condenser. 

11.  There  is  a  flood-gate  communicating  with  a  reservoir  of 
water,  in  the  form  of  a  rectangle,  moveable  above  its  upper  edge, 
which  is  horizontal,  and  at  a  given  perpendicular  depth  below  the 
surface  of  the  fluid.  Given  the  weight  and  dimensions  of  the 
flood-gate ;  required  at  what  angle  it  must  be  inclmed  to  the  horizon, 
that  it  may  confine  the  water  by  its  weight  alone. 

12.  A  cylindrical  vessel  of  air  revolves  above  its  axis,  so  that  the 
velocity  of  its  circumference  equals  that  acquired  down  n  times  the 
height  of  an  homogeneous  atmosphere.  Required  the  density  of  the 
air  in  the  cylinder  at  different  distances  from  the  centre,  neglecting 
the  effect  of  gravity  on  the  air.  And  shew  that  when  n  is  very 
small,  the  distance  of  the  point  where  the  density  remains  the  same, 

as  when  the  cylinder  was  at  rest,  equals--^  radius  ultimately. 
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St.  JOHN'S  COLLEGE,  Dbc.  1828. 

1.  Dbpinb  fV,  M,  and  S,  and  prove  that  W  tsz  MS.  The 
specific  gravities  of  pure  gold  and  copper  are  Id-S  and  862.  Required 
the  specific  gravity  of  standard  gold,  which  is  an  alloy  of  eleven  parts 
pure  gold  and  one  part  copper. 

2.  A  sphere  floats  between  two  fluids  of  known  specific  gravity ; 
given  the  ratio  of  the  portions  of  surface  immersed  in  each  fluid,  find 
the  specific  gravity  of  the  sphere. 

3.  A  tube  of  given  length  is  inserted  in  the  side  of  a  vessel  of 
fluid  at  a  given  depth  from  the  surface.  What  must  be  the  inclination 
of  the  tube  that  the  latus-rectum  of  the  parabola  described  by  the 
issuing  fluid  may  be  a  maximum  ? 

4.  If  the  particles  of  air  repel  each  other  with  a  force  varying 
inversely  as  the  nth  power  of  the  distance  of  their  centres ;  r  =  radius 
of  the  Earth,  h  and  H  the  altitudes  of  a  homogeneous  atmosphere  at 
the  Earth's  surface^  and  the  distance  x  above  it,  shew  that 

5.  Construct  and  explain  the  action  of  the  air-pump. 

6.  Explain  how  a  rudder  acts  upon  a  boat.  Give  its  greatest 
effect  in  altering  the  course ;  how  much  is  the  boat  then  resisted 
by  it  ?  . 

7.  A  body  is  projected  against  a  stream  whose  resistance  a  v% 
with  a  velocity  equal  to  that  of  the  stream.  Required  the  space 
described  before  the  body  begins  to  return  ;  and  shew  that,  when 
n  =  2,  this  space  is  the  same  for  streams  flowing  with  different 
velocities. 

8.  Determine  the  length  of  a  gun,  that  the  velocity  of  the  dis- 
charge may  be  a  maximum,  supposing  the  friction  of  the  barrel  to  be 
constant. 

9.  The  vertex  of  a  conical  body  whose  vertical  angle  is  inoon-i 
siderable  is  fixed  in  a  fluid  at  rest  at  a  depth  below  the  surface  less 
than  the  length  of  the  cone,  and  in  a  known  ratio  to  it.  Given  the 
relative  specific  gravities  of  the  solid  and  fluid,  required  the  position 
of  equilibrium  ? 


r\ 
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10.  The  area  ineloded  between  the  ordinate  and  abscissa  of  a 
parabolic  curve  of  the  nth  order  is  moved  into  a  fluid  in  the  direction 
of  its  axis  with  the  ordinates  parallel  to  the  horizon.  Shew  that  the 
path  described  by  the  centre  of  pressure  of  the  part  immersed  is 
another  parabolic  curve  of  the  nth  order. 

11.  A  hollow  paraboloid  rests  on  a  fluid  with  its  axis  vertical. 
A  small  orifice  being  made  in  the  lowest  pointy  required  the  time 
before  the  fluid  begins  to  flow  in  at  the  top.  The  orifice  is  so  small 
^  momentiun  ef  the  descendii^  paraboloid  need  not  be  taken  into 
account. 

12.  The  surface  of  a  hollow  cone  is  covered  with  an  infinite 
number  of  equal  circular  apertures  in  contact  with  each  other. 
Find  the  time  of  emptying  when  filled  with  fluid. 


St.  JOHN'S  COLLEGE,  May  1829. 

1.  If  any  number  of  pistons  be  applied  to  orifices  of  difibrent 
magnitudes  in  the  sides  of  a  dose  vessel  filled  with  fluid,  the  force 
acting  upon  them  to  maintain  equilibrium  will  be  proportional  to  the 
areas  of  the  respective  orifices.  How  will  this  result  be  modified 
when  gravity  is  taken  into  the  account  ? 

2.  Describe  the  hydrostatic  bellows ;  and  shew  that  if  there  be 
an  equilibrium,  and  more  fluid  be  poured  in,  it  will  rise  equally  in 
die  pipe  and  the  other  part  of  the  machine. 

S.  When  a  body  is  sustained  between  two  fluids,  to  compare  the 
parts  immersed  in  each. 

4.  Explain  the  construction  of  Nicholson's  Hydrometer,  and  its 
nse  in  finding  the  specific  gravities  of  fluids,  and  small  solids. 

5.  Find  the  range  of  a  fluid,'  spouting  through  a  very  small 
orlfioe  in  the  side  of  a  vertical  cylinder  standing  upon  a  horizontal 
plane. 

6.  If  a  stream  impel  a  plane  opposed  to  it  perpendicularly,  ihe 
whale  foiee  against  ^e  plane  cft  Ani^. 

7.  If  the  distances  above  the  surface  of  the  Earth  increase  in 
arithmetic  prt^ression,  the  corresponding  densities  of  the  air  will 
decvease  in  geometrical  progression ;  what  supposition  is  here  made 
rejecting  the  force  of  gravity  ? 

F  2 
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'   8.     Explain  the  action  of  the  forcing  pump,  and  determine  the 
pressure  on  the  piston  in  any  position. 

9.  If  Xy  Y,  Z,  be  the  components  of  the  forces  which  solicit  a 
particle  situated  any  where  within  a  fluid  mass,  p  be  the  pressure, 
and  p  the  density  at  the  same  point,  proye  that 

dp  =  }  {Xdx  +  Ydy  +  Zdz)  ; 
and  hence  deduce  the  equations  of  equilibrium  of  elastic  fluids. 

10.  Explain  the  construction  of  the  common  barometer;  and 
find  the  corrections  to  be  applied  for  the  sinking  of  the  mercury  in 
the  basin,  and  for  the  change  of  temperature. 

11.  When  a  body  is  sustained  in  a  fluid,  and  the  equilibrium  is 
slightly  disturbed,  find  the  efibrt  of  the  fluid  to  restore  the  body  to 
its  position  of  equilibrium,  or  to  carry  it  further  from  it ;  and  in  the 
former  case,  determine  the  times  of  the  small  oscillations  which 
ensue. 

12.  Find  the  time  of  empt3ring  a  vessel  through  a  small  orifice ; 
and  shew  that  in  the  case  of  a  vertical  prism,  the  descending  surface 
i»  uniformly  retarded. 


St.  JOHN'S  COLLEGE,  May  18S0. 

1.  If  there  be  two  or  more  fluids  of  different  densities,  at  rest  in 
the  same  vessel,  the  common  surface  of  every  two  is  horLsontal. 

2.  The  sum  of  the  perpendicular  pressures  on  any  surface  im- 
mersed in  a  fluid,  ift  equal  to  the  weight  of  a  column  of  fluid  whose 
base  is  the  area  of  the  surface,  and  height  the  depth  of  its  centre  of 
gravity. 

S.  The  pressure  against  the  sides  of  a  vessel  containing  fluid, 
when  estimated  in  the  direction  of  gravity,  is  equal  to  the  wei^t  of 
the  fluid. 

4.  Find  the  specific  gravity  of  a  fluid  by  the  common  hydro* 
meter. 

5.  Find  the  altitude  of  the  mercury  in  the  barometer,  when  a 
given  quantity  of  air  has  been  allowed  to  remain  in  the  tube ;  explain 
the  meaning  of  the  two  roots. 
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6.  Shew  tliat  as  the  distance  from  the  Earth's  surface  increases, 
^he  density  of  the  atmosphere  diminiahes ;  find  the  height  of  an 
liomt^eneous  atmosphere,  and  shew  that  it  is  the  same  fer  whate^rer 
distance  ahove  the  Earth's  surface  it  is  computed. 

7.  Descrihe  the  sea  gage,  and  find  the  depth  of  the  sea  by  means 
ofit. 

8.  Find  the  density  of  the  air  in  the  receiver  of  an  air  pump 
afler  any  number  of  motions  of  the  pistons ;  shew  that  the  defect  of 
the  mercury  ia  ^e  gage  from  the  standard  altitude  decreases  in  geo- 
metrical progression.  If  a  barometer  be  jdaced  under  the  receiver, 
shew  that  the  sum  of  the  heights  of  the  mercury  in  it,  and  in  the 
gage,  will  be  constant. 

9.  Define  the  centre  of  pressure,  and  find  its  position  in  a  plane 
surface  immersed  in  a  fluid. 

10.  Investigate  the  equation  whose  roots  determine  the  positions 
of  equilibrium  of  a  triangular  prism,  floating  in  a  fluid  with  one 
angle  immersed ;  if  that  angle  be  the  vertical  angle  of  an  isosceles 
triangle,  find  it,  when  there  is  only  one  position  of  equilibrium. 

1 1 .  Investigate  the  density  of  the  air  at  a  given  height  above  the 
Earth's  surface,  and  shew  how  the  result  may  be  applied  to  ascertain 
the  heights  of  mountains. 

.  12.  In  the  common  pump  find  the  elevation  of  the  water  afVer 
one  ascent  of  the  piston,  and  after  any  number  of  ascents.  If  the 
piston  do  not  descend  as  far  as  the  fixed  sudker,  find  the  limit  to  the 
elevation  of  the  water.  Also  find  the  pressure  upon  the  piston  during 
its  ascent^  both  before,  and  after  the  water  has  got  above  it. 


QUEEN'S  COLLEGE,  1824. 

1 .  Suppose  a  given  right  cone  to  be  just  immersed  in  a  fluid 
with  its  axis  perpendicular  to  the  surface,  first  with  its  base,  then 
^th  its  vertex  downwards,  required  the  pressure  upon  its  whole 
surface  in  each  case.  The  surface  of  a  cone,  not  including  the  base, 
being  equal  to  the  circumference  of  its  base,  multiplied  into  half  the 
iength  of  its  slant  side,  and  the  distance  of  its  centre  of  gravity  from 
the  vertex  two-thirds  of  its  axis. 
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9,  If  a  given  isoaeelea  trian|^  fonn  one  side  of  a  venel,  balf 
the  perpendicular  depth  oi  which  is  £dled  with  m^nnuyj  and  the 
other  half  with  water^  required  the  line  parallel  to  die  horvKm,  whidi 
will  divide  the  triangle  into  two  arefl6^  each  of  whidi  ahdl  sustain 
an  equal  pressure^  the  hase  of  the  triangle  being  coincident  with  the 
surface  of  the  water. 

3.  Supposing  a  cylinder,  given  in  magnitude  and  specific  gravity, 
to  be  sustained  in  an  erect  position  in  diree  fluids  of  given  ^leeific 
gravity^  required  the  depth  to  which  it  would  amk  in  the  lowest 
fluid :  the  ^cific  gravity  of  the  cylinder  being  greater  than  that  of 
two  of  the  fluids,  and  less  than  that  of  the  other,  and  the  length  of 
the  part  of  it  immersed  in  the  middle  fluid  given. 

4.  Compare  the  resistance  to  a  given  cylinder  moving  in  a  fluid 
in  the  direction  of  its  axis,  with  the  resistance  to  the  same  cylinder, 
moving  with  the  same  velocity,  in  a  direction  perpendicular  to  its 

5.  A  jet  spouts  from  a  tube  in  the  side  of  a  given  cylindrical 
vessel  filled  with  water,  at  an  angle  of  60*,  and  strikes  the  horizontal 
plane,  on  whidi  the  vessel  stands  perpendicularly,  at  the  greatest 
possible  distance  from  its  base ;  required  the  height  of  the  i^rture. 

6.  If  a  given  cylindrical  vessel  were  to  be  supplied  vrith  water 
at  a  given  rate,  and  when  full  to  have  an  orifice  of  given  area  open 
in  its  base,  required  the  lowest  depression  of  the  sBrface  of  the  water, 
and  the  time  of  sinking  to  it,  the  supply  of  water  being  less  than  its 
efflux  when  the  vessel  is  full. 

7.  If  a  cylindrical  tube  of  given  length,  closed  at  one  end,  were 
let  down  into  the  sea  in  a  vertical  position,  and  when  drawn  up,  the 
height  to  which  the  water  has  risen  in  it  observed ;  required  the 
depth  to  which  it  had  descended.  The  weight  of  the  atmosphere 
being  supposed  equal  to  that  of  S3  feet  of  sea-water.  How  must 
this  tube  be  graduated,  so  that  it  may  be  used  as  a  gage  to  measure 
depths  in  the  sea. 

8.  Let  a  tube  whose  length  is  37  inches,  be  filled  with  21  f  indies 
of  mercury,  with  14  inches  of  water,  and  with  air  in  its  natural  state 
in  the  remaining  part ;  required  the  depth  to  which  the  mercury 
would  subside  after  immersion,  if  the  barometer  were  to  stand  at  SO 
inches 
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9.  A  bwoiiieter^  having  some  air  in  the  tube^  stands  at  an  alti- 
tude of  (a)  inches^  being  put  under  the  receiver  of  an  air  pump^ 
which  contains  (m)  times  as  much  as  its  barrel^  after  n  turns  it  stands 
at  an  altitude  of  b  inches^  required  the  standard  altitude  end  the 
quantity  of  air  in  the  tube  at  first. 

10.  A  receiver  whose  magnitude  is  {my  has  two  barrels  connected 
with  it;  one  of  which^  in  magnitude  {a),  condenses^  and  the  other^ 
in  magnitude  (b),  exhausts.  They  take  their  strokes  alternately  be- 
ginning with  the  barrel  (a) ;  required  their  effect  after  an  infinite 
numbe?  of  strokes. 

1 1.  The  length  of  the  gage  of  a  condenser  is  12  inches^  and  the 
space  occupied  by  the  air  in  it^  after  two  descents  of  the  sucker^  is 
half  its  whole  length ;  required  the  space  which  the  air  would  occupy 
afttt  the  third  descent  of  the  sucker. 


QUEEN'S  COLLEGE,  1827. 

1.  A  SQUABB  is  immersed  vertically  in  a  fluid  with  one  comer 
coinciding  with  the  surface :  shew  how  the  pressure  upon  it  varies 
lor  difoe&t  inclinations  of  the  side  to  the  surlaoe. 

2.  A  vessel  of  given  height  is  filled  with  a  fluid ;  where  must 
an  orifice  be  made  in  the  side  so  that  the  issuing  fluid  may  spout  to 
a  given  distance  on  the  horizontal  plane  ? 

S.  A  fluid  is  whirled  round  in  a  bucket  with  a  given  velocity  ; 
finA  the  latus  rectum  of  the  paraboloid  which  the  surface  of  the  fluid 
will  assume. 

4.  A  given  empty  cylindrical  vessel  is  immersed  in  a  fluid  to  a 
given  depth,  and  there  fixed,  an  orifice  being  made  in  the  bottom  : 
required  the  time  of  filling  to  its  greatest  height. 

5.  A  slender  column  of  fluid  oscillates  in  a  cydoidal  tube  ;  shew 
that  the  oscillations  are  isochronous. 

6.  Shew  how  the  centre  of  pressure  may  be  found  when  the 
density  varies  according  to  any  given  law,  and  find  it  in  a  vertical 
square,  one  side  coinciding  with  the  surface,  and  the  density  varying 
as  the  depth. 
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7.    The  resistanoe  on  a  cone  moving  in  the  direction  <^  its  axis : 

ditto  on  its  base  as  S  :  4 ;  required  the  angle  at  the  vertex  <€  the 

cone. 


QUEEN'S  COLLEGE,  1828. 

1.  The  weight  of  a  vessel  being  given  when  empty,  when  filled 
with  water  of  given  specific  gravity,  and  when  filled  witli  some  other 
fluid ;  find  the  specific  gravity  of  that  fluid. 

2.  A  rectangular  flood-gate  turns  on  a  horizontal  axis ;  find  the 
position  of  the  axis^  that  the  water  having  risen  to  the  top  of  the 
gate  may  just,  by  its  pressure,  be  able  to  open  it. 

S.  Compare  the  time  of  emptying  a  sphere  with  the  time  of 
emptying  its  circumscribing  cube  through  a  small  orifice  at  the 
bottom. 

4.  A  cylindrical  tube  of  given  dimensions,  closed  at  one  end  and 
partly  exhausted  is  immersed  vertically  to  a  given  depth,  when  the 
height  to  which  the  water  rises  in  it  is  observed.  Hence  find  the 
quantity  of  air  in  the  tube. 

5.  Construct  the  common  pump,  and  find  the  height  to  which 
the^water  is  raised  by  the  two  first  ascents  of  the  piston. 

6.  A  tube  of  considerable  length,  but  of  small  dimensions  in  other 
respects,  is  bent  into  the  form  of  a  circle  and  made  to  revolve  about 
a  vertical  diameter.  If  SO^*  be  occupied  by  wstet  the  rest  being  a 
vacuum ;  required  the  angular  velocity  that  the  lowest  quadrant  may 
be  deserted  by  the  water. 


QUEEN'S  COLLEGE,  May  1829, 

1  •  A  GONE  and  a  paraboloid  of  the  same  altitude,  floating  with  their 
vertices  downwards,  have  each  |th  of  the  axis  above  water ;  compare 
their  specific  gravities. 

2.  Compare  the  resistance  on  the  arc  of  a  plane  curve  moving  in 
a  fluid,  in  the  direction  of  its  axis,  with  the  resistance  on  the  base ; 
and  apply  the  formula  to  the  case  of  a  semicircle. 

S.  A  floodgate  moving  about  a  vertical  axis,  is  divided  by  it  into 
two  parts,  one  of  which  is  a  rectangle,  and  the  other  an  inverted 
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zight-angled  Iriaagle  of  the  same  altitude.  Given  ihe  base  of  tlie 
triangle,  find  the  width  of  the  rectangle,  ao  that  the  gate  may  just 
open  hy  the  pressure  of  the  water,  when  it  has  risen  to  the  top. 

4.  A  parabolic  vessel,  terminated  by  the  plane,  at  right  angles  to 
the  axis,  parsing  through  the  focus,  empties  itself  by  an  orifice  at 
the  vertex.  Compare  the  spaces  described  by  the  descending  surfrce, 
in  Uie  first  and  last  halves  of  the  time. 

5.  A  globe  descends  from  rest  by  its  gravity  in  a  medium  the 
resbtance  of  which  varies  as  (vel)*.  Determine  its  velocity  at  any 
point,  and  the  time  of  descending  through  a  given  space. 

6.  A  small  orifice  is  made  in  a  vessel  containing  condensed  air : 
determine  the  time  of  discharge  till  the  density  within  equals  that 
without. 

7.  A  tube  ABf  open  at  A  and  closed  at  B,  containing  a  piston  of 
given  weight  and  dimensions,  between  which  and  the  closed  end,  air 
is  included,  is  whirled  about  A  iaa  horizontal  plane.  Given  the 
whole  length  of  the  tube,  also  the  length  occupied  by  the  air  before 
and  after  the  motion ;  to  find  the  angular  velocity. 

8.  What  must  be  the  dimensions  of  a  balloon,  the  whole  weight 
of  which,  with  its  appendages,  is  800  pounds ;  that  it  may  just  rise 
two  miles  high ;  supposing  air  to'  have  10  times  the  specific  gravity 
of  gas  under  the  same  pressure ;  that  5  cubic  feet  of  air  at  the  earth's 
surface  wdghs  6  ounces ;  and  that  the  density  at  the  earth's  surface 
is  four  times  as  great,  as  at  the  height  of  7  miles  i 


QUEEN'S  COLLEGE,  May  1880. 

1 .  A  TRiANGLB  is  formed  by  drawing  two  straight  lines  from  two 
given  points  in  the  diagonal  of  a  square,  to  one  of  the  opposite  angles : 
the  square  is  then  immersed  vertically  to  a  given  depth,  so  that  one 
of  the  sides  adjacent  to  the  said  angle  is  parallel  to  the  surface  ;  com- 
pare the  pressures  on  the  three  sides  of  the  triangle. 

2.  A  flood-gate  turns  on  a  vertical  axis,  the  area  on  one  side  of 
the  axis  being  a  right-angled  triangle '  with  the  base  lowest,  and  on 
the  other  side  a  rectangle,  of  the  same  altitude.  Required  the  width 
of  the  rectangle,  so  that  the  gate  may  jusi  open  by  the  pressure  of 
the  water,  when  it  has  risen  to  the  top. 
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S.  Find  the  depth  of  a  parabolic  veisel  which  diBcharges  that 
portion  of  the  fluid  that  is  above  the  horizontal  plane  passing  through 
the  focu8>  in  the  same  time  with  that  portion  which  is  below  the 
focus. 

4.  A  cylindrical  vessel  of  given  dimensions  and  full  of  water  is 
piegced  at  a  given  point ;  find  another  point  in  which  if  it  be  pierced, 
the  fluid  issuing  from  each  orifice  maj  fall  on  the  horijBontal  plane 
on  which  the  vessel  stands,  at  the  same  point 

5.  If  an  inverted  hemisphere  full  of  air  be  forced  down^  so  as 
just  to  be  immersed  in  mercury;  construct  the  equation  from  which 
{x),  the  height  to  which  the  mercury  rises  within  the  hemisphere,  is 
to  be  determined. 

6.  Explain  the  principle  of  the  common  pump,  and  find  the  alti- 
tude to  which  the  water  rises  in  consequence  of  the  two  first  strokes. 

7.  *  Find  the  time  in  which  the  air  rushing  into  an  exhausted 
receiver  through  a  given  orifice  will  have  acquired  a  given  density 
within.  The  (velocity )<  varying  as  the  pressure,  and  A  being  the 
height  due  to  the  initial  velocity. 

8.  If  water  ascend  and  descend  in  the  arms  of  a  cylindrical  canal, 
which  are  every  where  of  the  same  diameter,  and  inclined  to  the 
hcnrixon  at  any  angles ;  determine  the  time  of  an  oscillation. 
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TRINITY  COLLEGE,  1822. 

1.  GiYX  proofs  of  the  Earth's  spherical  form.  What  is  its  figure 
more  accurately  ? 

2.  Define  latitude  and  longitude  on  the  Earth's  surface,  and  ex* 
plain  some  of  the  methods  of  determining  the  latitude. 

S.  Supposing  a  chronometer  set  at  Greenwich,  time  not  to  have 
▼arkd,  and  to  indicate  7*  1^  P.  M.,  when  hy  ohsenration  the  time 
of  day  at  a  given  place  is  11*  %3  A.  M.  •  Required  the  longitude  of 
the  place  from  Greenwich. 

4.  By  what  phenomena  are  the  periods  €i  a  day  and  a  year  ascer- 
tained ?  and  what  is  ^  correct  length  of  the  latter,  and  u^hat  coo- 
sequent  adjustment  of  the  civil  year  necessary  ? 

5.  What  angle  is  the  ecUptic  inclined  at  to  the  equator?  and  what 
the  BMgnitude  of  the  different  sones  P  Supposing  the  poles  of  the 
ecliptic  and  equinoctial  to  coincide,  what  effect  would  he  produced 
upon  the  days  and  nights  ? 

6.  Required  the  Sun's  place  in  the  ecliptic  on  the  Slst  of  May ; 
and  thence  determine  the  Sun's  dediination  and  right  atcenaian  for 
that  day. 

7.  Required  the  latitude  of  %  place  at  whi(^  the  Sun  rises  upon 
the  N.N.E.  point  on  the  longest  day. 

8.  Explain  solar  and  lunar  eclipses  very  briefly,  and  give  the 
ecliptic  limiu  for  each,  and  mention  the  greatest  number  of  each  that 
can  posrihly  occur  in  a  year. 


TRINITY  COLLEGE,  182S. 

1 .  What  are  the  direct  proofs  of  the  Earth's  motion  on  its  axis, 
and  of  its  annual  motion  roun^  the  Sun  ? 

2.  Point  out  the  necessity  and  sufficiency  of  the  Gregorian  cor« 
rection  of  the  Calendar. 
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S.  The  ecliptic  polar  distance  of  y  Draoonis^  which  is  ntuated 
nearly  in  the  solstitial  oolure,  is  about  15^  Supposbg  the  diameter 
of  the  Earth's  orbit  to  subtend  an  angle  of  2^'  at  the  star,  prove  that 
its  dbtance  is  at  least  200,000  times  greater  than  the  distance  of  the 
Sun. 

4.  Project  the  diurnal  path  of  a  star  orthographically  upon  the 
plane  of  the  meridian ;  and  prove  upon  the  projection,  that  when  the 
star  is  in  the  horizon, 

rad  :  COS.  azim.  : :  cos.  lat.  :  sin.  dec 

5.  In  a  given  latitude,  on  a  given  day,  to  find  the  time  of  Sun- 
rise. 

6.  Having  given  tlie  latitude  of  the  place,  and  the  declination  of 
the  Sun,  investigate  the  equation  to  the  locus  of  the  extremity  of  the 
shadow  which  an  upright  style  casts  upon  an  horijBontal  plane.  Prove 
that  it  is  a  conic  section,  and  find'  its  dimensions. 

7.  Find  an  expression  for  the  angle  which  the  Earth's  disc  sub- 
tends at  a  planet,  and  shew  that  some  of  the  necessary  observations 
do  not  require  very  great  accuracy. 

8.  How  did  the  ancients  observe  the  angular  distance  of  a  planet 
from  the  Sun  ?  Shew  that  this  can  be  found  from  proper  observa- 
tions, without  the  intervention  of  a  third  object,  and  perform  the 
computation. 

9«  Assuming  the  true  system,  demonstrate  the  retrograde,  and 
stationary  appearances  of  the  planet  Venus. 

10.  If  the  distance  of  Venus  from  the  Sun  wore  to  the  Sun's  dis- 
tance from  the  Earth  : :  1  :  f^5;  prove  that  her  greatest  brightness 
would  be  at  her  greatest  elongation. 

11.  Give  all  the  steps  of  the  method  1^  which  Kepler  found 
various  distances  of  the  planet  Mars  from  the  Sun,  and  the  angles  at 
the  Sun  contained  by  those  distances,  and  was  induced  to  conclude, 
that  the  orbit  was  not  circular  but  oval. 

12:  Describe  some  of  the  more  accurate  methods  of  finding  a 
Meridian  Line. 

13.  Find  the  quantity  of  refinaction  by  the  circumpolar  stars, ' 
(Boscovich's  method)  ;  the  refraction  being  supposed  to  vary  as  the 
tangent  of  the  apparent  zenith  distance. 

14.  Transform  the  ezpresyion  for  the  aberration  in  R.  A.  of  a 
known  star  to  the  form  m .  cos.(L  '^  K)  where  L  is  the  Sun's  longi- 
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tnde,  and  K  his  longitude  when  the  aheiraticm  is  a  maximnm  and  posi- 
tive ;  and  shew  that  the  R.  A.  {A),  and  longitude  K,  must  he  in  op« 
posite^uadxants. 

15.  The  N.  P.  D.  of  every  star  having  the  same  R.  A.  is  equally 
a£fected  hy  precession. 

16.  Give,  a  solution  of  Kepler's  prohlem. 

17.  Explain  La  CaiUe's  method  of  determining  the  place  of  the 
apogee  of  the  Sun's  orhit ;  and  shew  how  its  place  affects  the  dura- 
tkm  of  the  seasons. 

18.  Investigate  the  heliacal  lising  of  a  known  star  at  any  distant 
period.  Give  the  solution  of  the  requisite  triangles^  assuming  that 
the  Sun  is  ahout  12^  helow  the  horizon  when  a  star  of  the  first  mag- 
nitude rises  heliacally. 

19.  To  determine  when  the  absolute  equation  of  time  from  both 
causes  is  a  maximum. 

20.  To  find  the  longitude  of  a  place  by  observing  the  difference 
of  the  times  of  the  transits  of  the  Moon  and  a  fixed  star  ;  the  same 
observations  having  been  made  at  a  place^  the  longitude  of  which  is 
Inown. 

21 .  Explain  the  principle  of  the  method  of  ascertaining  the  Sun's 
parallax,  by  observing  the  transit  of  Venus,  and  the  reason  of  itff 
superior  accuracy. 

22.  Assuming  the  value  (a  —  2c  -|-  8c  sin./*)  of  the  radius  of 
curvature  at  a  place  in  an  elliptic  meridian  of  the  Earth,  where  lati- 
tude is  /,  a  being  the  semi-axis  major,  and  c  the  elliptidty ;  find  the 
value  of  a  portion  of  the  meridian  between  twp  given  latitudes  ;  and 
supposing  two  sudi  portions  to  be  known  from  actual  measurement, 
deduce  expressions  for  the  diameters  of  the  earth. 


TRINITY  COLLEGE,  1824. 

1.  On  what  day  of  the  week  vnU  the  year  2000  begin  ? 

2.  Explain  the  following  astronomical  terms : 

Correction,    Element,     Anomaly,    Equation. 
8.    Find  the  latitude  of  a  place  by  observing  two  altitudes  of  the 
Sun  at  a  given  interval  on  the  same  given  day. 
4.    Find>  by  observation,  the  time  of  the  solstice. 
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5.     CD  M  a  ndiuB  pwpetidioular  to  tiie  ^mttet  AB  of  a  circle ; 

H 


EF,  £G,  Ffl,  are  perpendicular  to  AE,  CD,  AB  respectively.  Shew 

that  if  the  angle  BAE  is  made  equal  to  the  latitude  of  a  place  in  the 

torrid  zone^  then^  when  the  declination  of  the  Sun  in  winter  is  equal 

to  the  latitude  of  the  place,  his  azimuth  at  rising  is  the  angle  DCG, 

BH 
and  the  length  of  die  day  is  -j^  X  2*  houra. 

6.  How  must  a  horizontal  plane  he  marked  that  the  shadow  of  a 
vertical  style  may  indicate  the  day  and  hour  ? 

7«  Deduce  the  rules  for  delineating  the  orthographic  projection  of 
a  given  portion  of  the  globe  on  a  plane  parallel  to  the  horizon  of  the 
place  whose  longitude  and  latitude  are  each  =  0. 

8.  If  D  and  c^  are  the  lengths  of  a  degree  of  latitude  and  longi- 
tude in  latitude  4*5^  shew  that  the  equatorial  is  to  the  polar  diameter 
of  the  Earth  in  the  ratio  ^2  .d  I  D. 

9.  In  what  latitude  can  twilight  last  all  night  but  once  in  the 
year? 

10.  By  means  of  the  ftJlowiag  bgaikhms,  cakmlale  ^  pveciae 
duration  of  that  portion  of  a  polar  winter  which  is  without  twilight  : 

log.  sm-lS^"  =  9. 4899824  log.  8in.23<'  28'  =  9. 6001181 

log.  co8,89«  6'  =r  9. 8898877        log.  co8.39«>  7'  «=  9. 889785. 

11.  Aooount  for  a  planet  appearing  stationaiy;  and  find  when 
Saturn  will  appear  stationary,  assuming  his  mean  distance  to  he  that 
of  the  Earth  as  19  to  2. 

12.  Describe  and  aooount  for  the  phKnomena  exhibited  by  the 
planet  Venus  in  the  course  of  a  synodical  revolution. 

13.  Assuming  the  neoesHvy  observationf,  find  the  place  of  the 
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node  of  the  oi^il  of  a  plaael,  and  its  indiiialMm  to  the  pkne  of  the 
ecliptic. 

14.  The  periodic  timee  of  the  Earth,  of  Venus,  and  of  Mercury, 
being  le^ectiTely  S65«*  6»»  9^  1 1  J",  224**  \&  49^  lOJ",  and  87**  23»» 
15'  43i|'^,  shew  that  if  a  transit  of  Venus  takes  pkoe,  another  may 
he  expected  at  the  same  node  after  eight  years,  but  that  if  it  does  not 
then  occur,  there  cannot  happen  a  transit  at  that  node  before  227 
years  more  have  elapsed;  and  find  the  interrals  after  which  transits 
of  Mercury  at  the  same  node  may  be  expected  to  recur. 

15.  Measure  the  apparent  diameter  of  the  section  of  the  Earth's 
umbra  and  penumbra  at  the  distance  of  the  Moon. 

16.  What  18  the  age  of  the  Moon  when  she  rises  about  noon,  and 
what  is  her  age  when  she  rises  about  midnight  ? 

17.  Prove,  that  at  the  full  Moon  next  to  the  autumnal  equinox, 
the  Maon  ziaes  at  nearly  the  same  time  for  several  successive 
nif^ts ;  and  shew  what  situatioo  of  the  Moon  in  her  arbit  is  most 
favourable  to  this  phienomenon. 

1&  What  are  the  three  prindpal  inequalides  of  the  Moon's 
■otion? 

19.  By  observing  the  meridian  altitudes  and  diameters  of  the 
Moon,  at  its  greatest  north  and  south  latitudes,  find  its  parallax. 

20.  Find  the  aberration  of  a  given  star  in  right  ascension  and  de-i 


21.  From  the  mean  anomaly  calculate  the  tme. 

22.  The  Sun's  parallax  is  S'^  73,  the  Earth's  diameter  is  7912 
miles,  and  the  eclipses  of  Jupiter^s  satellites  axe  seen  hy  us  16^  26'' 
later  when  he  is  in  opposition,  than  when  he  is  in  oonjunction.  From 
these  data  deduce  the  velocity  of  light. 


TRINITY  COLLEGE,  1827. 

1.  DsFiNE  the  following  terms :  zenith,  nadir,  rational  horizon, 
azimuth,  declination,  right  ascension,  the  latitude  and  longitude  of  a 
point  on  the  Earth's  surface,  and  also  of  a  heavenly  body ;  and  illus- 
trate the  several  definitions  by  a  figure. 

2.  Explain  the  method  of  finding  the  right  ascension  of  the 
Sun,  and  the  oblicpi^  of  ^  ecliptiei 
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S*     Given  the  latitude  of  the  phioe  and  the  Sun's  declination,  to 
find  the  time  when  he  is  on  the  prime  vertical,  and  his  altitude  at 
that  time.    Apply  the  solution  to  the  following  case  : 
log.  tan.  dec.  ^  9. 4548275        log.  sin.  kt.        s=  9. 8977604 
log.  sin.  dec.  =  9. 4378706        log.  cos.77« .  1 3'  =  9.  S4440 1 1 
log.  cot.  lat.    =  9. 8895786        log.  sin.20« .  1 7'  =  9. 5  K)1012. 

4.  To  find  the  altitude  and  longitude  of  the  nonagesimaL 

5.  The  angle  between  any  lines  on  the  surface  of  a  sphere  is  the 
same  as  that  between  their  stereographic  projections. 

6.  Construct  a  vertical  south-east  diaL 

7*  Given  the  lengths  of  two  degrees  of  the  meridian  whose 
middle  points  are  in  two  given  latitudes;  to  find  the  compression. 
,  8.  £x{)lain  the  causes  on  which  the  equation  of  time  depends ; 
and  given  the  sidereal  time  =  5^  5T  56'%  find  the  mean  time,  sup- 
posing the  mean  Sun's  right  ascension  when  on  the  meridian 
s  1>»  17'  &\ 

9.  Define  parallax,  and  explain  the  method  <^  finding  it  by  means 
of  two  observers  on  the  same  meridian,  the  Earth  being  supposed  ta 
be  spheroidaL 

10.  Find  the  lengths  of  the  tropical,  sidereal,  and  anomalistic 
years. 

11.  Supposing  the  atmosphere  to  be  homc^neous,  and  that  nt 
denotes  the  ratio  of  sin./  Z  sin.jR  out  of  a  vacuum  into  the  air  at  the 
Earth's  surface ;  then  for  a  2enith  distance  z  the  refraction 

m-1 


ffln.r 


•  (tan.z  —  -00125  tan.2  secz^)  nearly. 


12.  Find  the  precession  in  right  ascension  and  declination  of  a 
given  star;  and  shew  in  what  case  it  is  increased  or  diminished. 

13.  If  the  velocity  of  the  Earth  be  in  a  finite  ratio  to  that  of 
light,  shew  that  a  ray  proceeding  from  a  heavenly  body  must  strike 
the  retina  in  a  different  point  from  what  it  would  do  if  the  eye  of  the 
spectator  were  at  rest.  Find  the  quantity  and  direction  of  the  aber- 
ration. 

14.  Find  the  aberration  in  latitude  and  longitude  of  a  given 
star. 

15.  In  an  elliptic  orbit,  where  v  denotes  the  true  anomaly. 
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rednmed  from  the  perihelion,  u  the  eccentric,  and  '         =  c> 

then  will 

c  sin.tf  -f  7;  sin.Sfi  +  ~  sin.3ti  -f-  &c.  m?  infiniium  J  • 

16.  Given  the  geocentric,  to  find  the  heliocentric  longitude  and 
latitude  of  a  planet. 

!?•  Enumerate  the  elements  of  a  planet's  orhit ;  and  explain  the 
methods  of  determining  them. 

18.  Explain  the  causes  of  the  stationary  and  retrograde  appear- 
ances of  the  inferior  and  superior  planets,  and  point  out  the  difference 
of  the  two  cases  as  corroborative  of  the  Copemican  System. 

19.  To  find  the  time,  magnitude,  and  duration  of  a  lunar  eclipse. 

20.  Explain  the  method  of  finding  the  longitude  by  the  observed 
distance  of  the  Moon  from  the  Sun  or  from  a  fixed  star. 


TRINITY  COLLEGE,  May  1828. 

1 .  Explain  the  Ptolemaic  hypothesis  of  the  solar  system.  What 
phenomena  would  it  account  for  and  what  not  ? 

2.  What  knowledge  of  the  motions  of  the  heavenly  bodies  can 
we  obtain  without  knowing  the  form  and  magnitude  of  the  Earth  ? 
What  additional  information  can  we  deduce  from  knowing  those 
drcumstanoes  ?  How  are  this  form  and  magnitude  to  be  ascertained  ? 
Mention  when  and  by  whom  any  steps  in  this  knowledge  have  been 
made. 

S.  Compare  the  times  during  which  a  circumpolar  star  moves 
eastward  and  westward. 

4.  Explain  the  changes  produced  in  the  appearance  of  the  stars 
by  the  preeessLon  of  the  equinoxes.  If  a  known  star  rose  at  sunset 
in  former  ages,  how  could  we  determine  the  period  at  which  this 
happened? 

5.  Explain  this  method  of  adjusting  a  transit  instrument  so  that> 

(1).  Thelineof  vision  shall  be  perpendicular  to  the  axis. 
(2).  The  axis  shall  be  horisontal. 
(S).  The  motion  shall  be  in  a  meridian  plane, 
o 
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and  supposing  the  radii  of  the  two  ends  of  the  axis  to  be  unequal, 
and  the  level  to  be  incorrect^  shew  how  the  proper  corrections  may 
be  made. 

6.  Explain  by  what  observations  Bradley  detected  the  aberration 
of  light,  and  how  he  distinguished  its  effects  from  those  of  a  nutation 
of  the  Earth's  axis. 

7.  If  the  fixed  stars  have  an  annual  parallax,  its  effect  on  the 
place  of  a  star  may  be  found  from  the  formulie  for  aberration,  by 
supposing  the  longitude  of  the  Earth  to  be  90^  greater  than  it 
really  is. 

8*  If  a  be  the  right  ascension,  and  )  the  north  polar  distance  of 
a  star,  A  its  co-latitude,  u  the  obliquity, 

sin.«|  ==  sin.{ J(*'  +  ^)+M}  sin.{J(*.  +  J)  -  3f  }, 
where  mu'^M  s  sin.i»  sin.}  sia.^  J  (90  —  a ). 
Apply  these  formule  to  a  Arietis, 

a»    1^  oe*"  45* -9. 
J  =  67«  25'      r'-7. 
I,  =  230  27'   46" -3. 
log.  sin.l7«  52'  12^  -3  =  9-4869392. 
log.  8in.23o  27'  46"  -3  =  9-6000517. 
log.sin.27*  34'  11"  -7  =  9-6654221. 
log.  8in.3a>  24'  15"-75  =  9-7042361, 
log.  sin.400     1/  1 1'/  .3  --  9-8082463. 
log.  8in.63o  18'  36"  -3  =  9-9510705. 
log.  sin.67<>  25'     1"  -9  =  9-9653546. 

9.  ^lew  how  we  may  find  the  time  at  which  the  aberration  of  a 
given  star  in  declination  is  0 ;  and  apply  this  to  a  Arietis,  of  which 

the  latitude  =s    &"  57'  37",        log.  sin.  «    9*23796. 

the  angle  of  position  »  20»  39'  52",        log.  tan.  s  19-57653. 

65*  21'  50^,        log.  tan.  «  10-3S857. 

10.  Prove  the  formula  for  the  effect  of  precession  in  R.  A. 

da  s  50^  (cosu#  -h  eoti  sia.*^  nn.a). 
How  aie  the  stars  situated  for  whidk  this  eorrection  is  0  ? 

11.  A  known  star  is  observed  lo  pqss  the  prime  vertical  to  the 
east  and  west^  and  the  interretiing  time  if  observed ;  'find  the  latitude. 
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12.  In  the  last  question  supposing  an  error  of  1  second  of  time 
in  the  ohserved  interval ;  find  the  corresponding  error  in  the  latitude 
deduced. 

13.  Find  the  position  of  the  ecliptic  at  any  instant^  the  angle 
which  it  makes  with  the  horizon,  and  the  point  where  it  cuts  it. 

14.  Explain  under  what  circumstances  Venua  will  he  direct  and 
retrograde;  and  her  distance  heing  *72S  the  Earth's,  find  how  long 
after  conjunction  she  will  he  stationary. 

15.  In  an  orUt  of  which  the  eccentricity  is  e,  the  true  anomaly 
V,  the  eccentric  anomaly  u ;  if  sin.  9sse,  the  equatiooL  of  the.  centre 
will  he  greatest  when 

.    ,  ,          V                8in.Ji 
sin.}  (»—«)=:  sin.tt Y  * 

C08.*» 

16.  If  If  he  the  distance  of  the  Sun  from  the  solstice  in  R.  A., 
jf  the  defect  from  the  solstitial  declination,  u  the  obliquity^ 

y  =s  tan.«  Ju  8in.2a»  -  }  tan.*  J«  8in.4i#  -|-  &c 

17.  Supposing  4$^  to  be  the  true  Sun  moving  unequally  in  the 
ediptic,  y  a  point  moving  equably  in  the  ecliptic,  S^  a  point 
moving  equably  in  the  equator  in  the  same  time,  explain  the  orders 
of  arrangement  which  S',  S^,  S'^'  will  assume  in  the  course  of  a 
year. 

18.  Shew  that  on  any-  h3rpothesis  of  the  density  of  the  nUmch 
sphere,  uie  refraction 

1  — /S^ 

=  xD ^  (tan.Z  —  m  tan.Z  sec.«Z), 

1+11/ 

and  explain  how  tn  is  found. 

19.  A  ship  sails  perpetually  due  N.  £. :  what  will  be  the  length 
of  its  coarse  before  it  reaches  the  pole,  and  the  area  induded  ? 

20.  What  day  of  the  week  was  April  d7,  1769?  What  are  the 
roles  for  this  calculation? 

9K  The  sphere  being  oithographically  projected  on  the  horison 
of  a  given  pkoe,  give  rules  for  describiiig  the  meridians  and 
parallels. 

S3.  A  ladder  leaning  againat  a  south  wall  happens  to  be  inclined 
to  the  horiaon  at  an  angle  e^ual  to  the  latitude  of  the  place ;  shew 
that  the  shadow  wiU  occupy  the  same  situation  every  day  at  the  same 

o2 
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hour ;  and  determine  tlie  position  of  this  shadow  on  the  wall  and  on 
the  ground. 

23.  Shew  how  the  difference  of  longitude  of  two  places  may  he 
determined  hy  ohserving  the  transit  of  a  star  and  of  the  Moon  at 
the  two  places.  How  far  does  this  method  depend  on  the  accuracy 
of  the  lunar  tables  ? 

24.  Find  the  place  of  the  node  of  a  planet's  orbit  from 
observation. 

25.  Find  the  inclination  of  the  Sun's  equator  to  the  ecliptic, 
and  the  time  of  the  Sun's  rotation. 


TRINITY  COLLEGE,  JiTNe  1829. 

1.  In  what  respects  does  the  received  system  of  the  universe 
differ  from  those  supposed  by  Ptolemy  and  by  Tycho  Brahe  ? 

2.  Give  a  brief  account  of  the  solar  system,  stating  what  is 
known  concerning  the  relative  distances  of  the  planets  from  the  Sun, 
and  the  satellites  from  their  primaries. 

3.  Explain  the  distinction  between  solar  and  sidereal  time. 
Which  of  them  is  kept  by  the  Observatory  clock,  and  for  what 
reason? 

4.  What  is  the  nature  of  the  observations  made  at  the  Observa- 
tory, and  what  is  the  object  of  them  ? 

5.  At  what  time  of  the  day,  when  the  Sun*s  dedination  is 
20*  \ffy  will  the  length  of  the  shadow  of  a  vertical  gnomon  be  just 
equal  to  the  height  of  the  gnomon  itself? 

6.  Explain  the  method  of  finding  the  latitude  of  a  place  from 
two  equal  altitudes  of  the  Sun  observed  on  the  same  day,  including 
the  correction  for  a  change  of  declination  during  the  intervaL 

7.  What  is  meant  by  the  first  point  of  Aries  ?  How  does  it 
happen  to  be  in  the  constellation  Pisces  ?  How  is  its  place  at  any 
time  determined  ? 

8.  The  right  ascension  of  a  star  being  IS^  14^  18^^  its  declination 
10"  4'  sr,  and  the  obliquity  of  the  ecliptic  23<'  28' ;  required  the 
star's  latitude  and  longitude. 
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9.  If  z  represent  the  zenith  distance  of  a  star^  /  the  excess  of  the 
height  of  the  thermometer  ahoye  50^  b  the  height  of  the  harometer, 
the  refraction  is 

~  .  \zlB.  sr''^2  (tan.  z^nXmz  8ec.;s«). 

How  was  this  formula  obtained  ? 

10.  Explain  the  effect  of  parallax.  Which  of  the  heavenlj 
bodies  does  it  affect  ?     How  is  the  quantity  of  it  determined  ? 

11.  Investigate  the  alteration  caused  in  the  right  ascension  and 
declination  of  a  star  by  the  precession  of  the  equinoxes. 

12.  Explain  the  phenomenon  of  the  aberration  of  light. 

IS.  Explain  the  method  used  to  find  the  time^  magnitude^  and 
duration  of  a  lunar  eclipse. 

14.  Explain  the  method  of  constructing  a  sun-dial  to  be  affixed 
to  a  ^ven  vertical  wall. 

15.  What  kind  of  sun*dial  should  be  used  at  the  equator  i^ 

16.  Explain  the  method  of  drawing  a  meridian  line. 

17.  In  latitude  89*  54'  N.  longitude  S5*»  SO  W.  the  altitude  of 
the  Sun  s  tower  Hmb,  on  the  7th  of  May,  at  5>»  SO'  SS"  P.  M.  per 
watch,  was  observed  to  be  15»4f0'57";  required  the  error  of  the 
watch. 

Refraction 3' 19". 

Parallax    0'    9". 

0's  semi-diam 15'  10". 

©•s  dec.  0»»,  May  7...17*>  5'  24"  N. 
ditto 8...17<^  21  84". 

18.  On  the  15th  of  May,  in  altitude  SS«  lO'  N.,  and  tongitude 
18"  W.,  about  5  o'clock,  A.  M.  the  Sun  was  observed  to  rise  E.  by  N. 
Required  the  variation  of  the  compass. 
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TRINITY  COLLEGE,  May  1830. 

1.  GiVB  a  brief  skietch  of  the  notions  which  are  observed  to  take 
place  among  the  heavenly  bodies. 

2.  Define  the  terms  latiiude  and  hngUude,  as  applied  to  places  on 
the  surface  of  the  Earth,  and  enumerate  the  methods  employed  to 
determine  them. 

3.  What  is  meant  by  an  error  in  the  line  of  collimation  of  a 
transit  telescope  ?     How  is  it  detected  ? 

4.  Detail  the  method  used  to  draw  a  meridian  line,  with  the 
correction  for  the  diange  in  the  declination  of  the  Son  during  the 
kiterval  of  the  observations. 

5.  The  altitude  of  the  Sun's  centre  was  observed  one  afternoon 
in  London,  (latitude  51<'  S2  )  to  be  S8<>  1^,  its  declination  being  at 
that  time  19<^  39^  N.     Required  the  hour  of  the  day. 

6.  The  latitude  of  a  Star  being  IG""  a'  &  Its  longitude 
2>  25^  59r,  and  the  obliquity  of  the  ecliptic  32o  28',  required  the 
sidereal  time  of  its  passage  over  the  meridian. 

7.  It  is  required  to  calculate  the  time  of  the  Sun's  rising,  in 
London,  from  the  following  data : 

Sun's  declination         =  17^  33'     Sun's  semidiameter  s  16' 

Horizontal  refraction  «         32^     Parallax  es     9'. 

8.  Prove  that  for  small  xenith  distances  the  refraction  varies 
nearly  as  tan.z. 

9.  Explain  the  nature  of  parallax,  and  determine  the  amount  by 
which  it  affects  the  apparent  diameter  of  the  Moon. 

10.  Explain  what  is  known,  as  a  matter  of  fact  and  observation 
with  respect  to  the  precession  of  the  equinoxes  and  nutation  of  the 
Earth's  axis. 

1 1.  Find  the  effect  of  aberration  on  the  latitude  of  a  Star.  Show 
what  it  becomes  when  the  Star  is  supposed  to  be  at  tbe  pole  of  the 
ecliptic. 

12.  Explain  the  terms  mean  and  true  anomaly,  and  show  how  the 
latter  is  to  be  deduced  from  the  former,  in  an  elliptic  orbit  of  small 
eccentricity. 
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IS.  Explain  the  term  eqwititm  of  time,  and  show  on  what  it 
dependa. 

14.  Given  three  distances  of  a  planet  fiom  the  Sun^  and  the 
corresponding  arguments  of  latitude,  to  find  the  place  of  the  peri« 
heUon^  and  the  true  anomaly  at  the  first  observation. 

15.  Detail  the  Luuar  InequaliUe^,  in  the  order  in  which  they 
were  discovered. 

16.  Show  how  to  find  the  time,  magnitude,  and  duration,  of  a 
lunar  eclipse. 

17.  Determine  the  number  of  solar  and  lunar  ecHpseSy  which 
may,  or  which  must,  take  place  in  one  year. 

18.  From  the  following  observed  values  of  the  Sun's  declination, 
at  noon,  find,  by  interpolation,  the  time  of  the  solstice. 

June  19 23^  26'  3S)" 

20 23  27  23 

21 23  27  42 

22 23  27  37. 

St.  JOHN'S  COLLEGE,  June  1820. 

1.  If  two  sides  of  a  spherical  triangle  be  equal  to  a  semicircle, 
the  arc  drawn  from  the  vertex  bisecting  the  base  is  a  quadrant. 

2.  If  two  sides  of  a  spherical  triangle  be  less  than  a  semicircle, 
the  angle  opposite  the  less  side  is  less  than  90  degrees. 

3.  If  a  great  circle  be  stereographically  projected,  the  radius  of  the 
projection  is  the  secant,  and  the  distance  of  its  centre  from  the  centre 
of  the  primitive  is  the  tangent  of  the  inclination  of  the  circle  to  the 
primitive. 

4.  Having  given  the  Sun's  declination  and  diameter,  and  the 
latitude  of  the  place ;  find  how  long  the  disk  is  in  rising. 

5.  Find  the  absolute  quantity  of  refraction  for  considerable 
altitudes  according  to  Boscovich's  method. 

6.  On  a  certain  island  the  Sun  was  observed  to  be  vertical  when 
on  the  meridian.  The  declination  was  found  from  the  tables  to  be  D 
degrees ;  and  the  time  of  sunrise  at  Greenwich  to  be  T,  and  of  sun- 
set t  hours  before  that  observed  by  the  chronometer.  Find  the 
distance  and  bearing  of  the  place  from  Greenwich. 

7.  Having  given  the  Sun*s  rising,  amplitude,  and  altitude  when 
on  the  prime  vertical,  determine  the  latitude  of  the  place. 
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*  8.  The  Sun's  dedinadon  which  u  ghren^  is  greater  than  the  co- 
latitude  which  is  also  given.  Detennine  the  nature  and  dimensicHis 
of  the  curve  which  is  traced  out  by  the  end  of  the  shadow  of  a 
vertical  stick  on  an  horizontal  plane. 

9.  Determine^  from  three  observations  of  a  spot  on  the  Sun's 
disk,  the  inclination  of  the  Sun's  equator  to  the  ecliptic,  the  longitude 
of  the  ascending  node,  and  the  time  of  the  Sun's  revolution  on  its 


10.  When  a  planet  is  stationary,  the  horary  change  in  elongation 
is  to  the  horary  change  in  annual  parallax  as  the  periodic  time  of  the 
phmet  to  the  periodic  time  of  the  £arth. 

1 1.  Find  the  shape  and  dimensions  of  the  Moon's  penumbra. 

12.  Explain  how  the  Sun*s  parallax  may  be  found  by  the  transit 
of  the  inferior  planets. 

IS.  By  the  effect  of  aberration,  a  Star's  latitude  is  least  when 
the  Sun*s  place  is  90  degrees  before  the  Star's  place  in  the  ecliptic, 
and  from  that  time  the  increment  in  latitude  varies  as  the  versed  sine 
of  the  Sun's  longitude,  reckoned  from  that  point. 

H.  The  longitude  is  least  when  the  Sun  is  in  syzjgj  with  the 
Star,  and  from  that  time  the  increment  in  longitude  will  vary  as  the 
versed  sine  of  the  Sun's  longitude  reckoned  from  that  point. 

15.  If  a  Star  be  situated  very  near  the  pole  of  the  ecliptic,  the 
decrement  of  the  apparent  longitude  varies  as  the  versed  sine  of  the 
Sun's  longitude,  reckoned  from  a  point  90  degrees  behind  the  Starts 
place  in  the  ecliptic. 

St.  JOHN'S  COLLEGE,  May  1823. 

1.  Given  the  two  sides  and  included  angle  of  a  spherical 
triangle;  find  the  third  side^  and  adopt  it  to  logarithmic  oom« 
putation. 

2.  If  the  sides  AC,  BC  of  a  spherical  triangle  be  produced  to  D 

^  r.       ^  AC  DC  EC  jBC   ,       .      , 

and  £,  so  that  tan.—  :  tan.-^  ::  tan.  —  :  tan. —,  the  triangles 

have  equal  areas. 

3.  Mention  some  phenomena  that  can  be  accounted  for  by  a  real 
annual  and  diurnal  motion  of  the  earth,  but  not  by  a  motion  of  the 
sun  and  heavens. 
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4.  Explain  the  vidnitttdes  of  the  Seasons^  and  the  cause  of  their 
difierent  lengthi>  writing  them  down  in  the  order  of  duration. 

5.  If  two  known  stars,  ohserved  at  thdHume  time  in  the  same 
▼ertical,  come  to  the  meridian  at  interyals  h  and  V  respectivelj,  find 
the  ktitude  of  the  place. 

.  6.  Draw  a  meridian  from  ohserving  the  shadow  of  a  veiliGal 
gnomon,  when  the  Sun  is  near  the  sobtices,  and  correct  for  a  small 
change  in  declination  during  the  ohservation. 

7.  At  a  given  place,  stars  situated  in  the  equator  appear  to  rise 
quickest 

8.  Construct  a  horizontal  dial,  and  shew  how  such  a  dial,  calcu- 
lated for  latitude  (a),  must  he  graduated  so  as  to  serve  in  latitude 
(6). 

9.  Given  the  altitude  through  which  the  Sun's  centre  is  raised 
by  refraction,  find  the  corresponding  diminutbn  of  its  horizontal 
diameter. 

10.  If  z  and  /  be  two  zenith  distances  of  a  planet  observed  at 
places  on  the  same  meridian  whose  latitudes  are  /  and  f, 

the  horizontal  parallax  =  — -; ; — r— 7— 

"^  sin.z  +  sm.z^ 

1 1.  The  annual  precession  in  declination  of  a  star  is  50*  cos.ii 
X  sin./,  A  and  /  being  the  right  ascension  and  obliquity. 

12.  Whence  does  the  latitude  of  the  Sun  arise  ?  find  its  greatest 
value,  supposmg  the  Earth,  Sun,  and  Moon,  the  only  bodies  in  the 
system. 


St.  JOHN'S  COLLEGE,  1826. 

1.  The  sines  of  the  arcs,  drawn  from  the  angles  of  a  spherical 
triangle  perpendicular  to  the  sides,  are  to  each  other,  inversely  as 
the  sines  of  the  sides  on  which  they  fall. 

2.  Bisect  a.  given  spherical  triangle  by  an  arc  drawn  from  one 
of  the  angles. 

8.  Prove  Napier's  rules,  when  the  complement  of  the  bypothe- 
nuse  is  made  the  middle  part. 
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4*  In  tiie  stereogn^iuc  prqfectton^  find  the  radiai  of  the  pro- 
jection tif  a  circle  whose  plane  is  perptodicular  to  the  primitive. 

5*  By  what  obser^ons  does  it  appear  that  the  diurnal  motion 
«f  the  hea^eens  is  dicular  ? 

6.  Explain  how  the  formula?  of  refraction  are  corrected  for  tem- 
pefHfcnre  and  atmospheric  denntj. 

7.  Given  the  difference  in  the  lengths  of  the  day  and  night 
when  the  Sun  is  in  the  equator ;  find  the  horizontal  refraction ; 
neglectaiig  the  Sun*8  motion. 

8.  If  Phe  horizontal  parallax  of  the  Moon,  p  any  other  parallax 
when  the  apparent  zenith  distance  is  z  +  p>  shew  that 

^       sin.z     .  sin.Sz      .    on  ,    « 

P=  -T— -7'Bin.P+-— — p>.8m.«P+  &c 
sin.  I  ■   Ssin.l 

and  explain  distinctly  that  part  of  the  proof  in  which  an  arc  ex- 
pressed in  parts  of  the  radius  is  converted  into  an  equivalent  angle. 

9.  Find  the  major  and  minor  axis  of  the  ellipse  which  a  given 
star  appears  to  describe  in  consequence  of  aberration. 

10.  Find,  by  observations  made  at  any  place,  the  bearing  of  a 
distant  terrestrial  object. 

11.  From  the  given  difference  of  the  times  at  which  two  known 
stars  reach  the  same  altitude,  find  the  latitude  of  the  place  of  ob- 
servation. 

12.  Having  given  two  observed  declinations  of  the  Sun  and  the 
Sun's  right  ascension ;  explain  why  the  method  is  practically  less 
accurate  than  that  of  Flamstead. 

13.  Given  the  Sun's  greatest  and  least  motion  in  longitude; 
find  the  eccentricity  of  the  Earth's  orbit. 

14.  State  distinctly  the  steps  by  which  a  person  may  find  his 
latitude,  Idngitude,  and  the  time;  supposing  him  possessed  of  the  proper 
SBStroments  and  tables,  and  a  good  chronometer  which  he  has  neg- 
lected to  wind  up. 
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St.  JOHN'S  COLLEGE,  May  1827. 

L  In  the  solution  of  oblique-angled  spherical  triangles,  explain 
in  what  cases  there  ia  an  ambiguity. 

2.  Given  two  sides  of  a  spherical  triangle,  and  the  arc  bisecting 
the  included  angle,  and  terminating  in  the  opposite  side ;  solvit  the 
triangle. 

8.  If  A  be  the  length  of  an  arc  in  Mercator's  prelection,  between 
the  equator  and  latitude  (x),  shew  that 

tan.x  =  J(«^-i-^). 

4.  In  a  given  latitude  it  is  observed,  that  when  the  Sun  iff  due 
cast,  the  difference  between  his  altitude,  and  the  hour*angle  from 
six,  is  a  maximum ;  find  the  time  of  observation,  and  day  of  the 
year. 

5.  A  horizontal  dial  being  constructed  for  a  latitude  (x),  is  fixed 
in  another  (?S);  find  when  the  error  will  be  the  greatest. 

6.  Shew  that  the  equation  of  time  vanishes  four  times  a  year. 

7.  At  a  given  place,  ^d  when  the  Sun's  motion  in  asimuth  : 
the  motion  in  altitude  : :  radius  :  sin.  irenith-diatanoe,  and  determine 
the  highest  latitude  where  thia  can  occur  on  a  given  day. 

8.  Find  the  annual  parallax  in  longitude  of  a  heavenly  body, 
and  shew  that  it  is  greatest  when  the  aberration  is  least,  and«on« 
versely. 

9.  A  comet  is  observed  to  be  in  its  perihelion  27  days  after  pass- 
ing its  node,  and  5  days  afkr  that  to  be  in  its  node  again.  Given 
the  perihelion  distance,  shew  how  the  jposition  of  the  aods  of  the 
orbit,  and  the  comet's  distance  at  the  times  of  observation  may  be 
found. 

10.  Two  towns  A  and  B  are  so  situated,  that  when  it  is  noon 
on  a  given  day  at  A,  the  Sun  is  just  rising  at  B.  Given  the  lati- 
tudes of  il  and  B,  find  the  latitude  of  a  place  equally  distant  from 
both,  and  A<»  west  of  A. 

11.  A  person  sees  a  new  comet,  and,  having -no  instrument  with 
kim,  finds,  by  stretching  a  thread  before  it  in  one  direction,  that  it 
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appears  in  the  fame  line  with  two  known  stars,  a  and  6 ;  and  hy 
changing  the  direction  of  the  thread  with  two  other  known  stars,  c 
and  d»  Hence,  find  the  comet's  place,  the  bngitudes  of  a  and  b 
being  supposed  equal,  and  also  of  c  and  d, 

12.    Explain  the  method  of  finding  the  Sun's  parallax  by  means 
of  a  transit  of  Venus,  and  give  the  reasons  of  its  superior  accuracy. 


St.  JOHN'S  COLLEGE,  May  1828. 

1.  Given  the  angles  A,  B  and  the  side  a  of  a  spherical  triangle, 
find  the  remaining  sides  and  angles. 

2.  The  angles  of  a  spherical  triangle  form  a  progression  whose 
common  difference  is  45®  and  the  area  :  the  sphere  : :  7  :  48 ;  find 
the  sides  of  the  triangle. 

3.  Find  the  radius  and  place  of  the  centre  of  the  ecliptic  pro* 
jected  on  a  parallel  of  latitude,  the  eye  being  situated  in  the  pole  of 
the  equator. 

4.  If  a  known  star  appear  due  east  two  sidereal  hours  after  rising, 
at  what  time  after  will  it  appear  south  ? 

5.  The  meridian  plane  is  taken  for  the  vertical  passing  through 
two  given  stars,  which  are  supposed  to  have  the  same  right  ascension, 
find  the  error  in  the  plane  of  the  meridian,  supposmg  the  starts  right 
ascension  to  differ  by  a  very  small  angle  a* 

6.  If  two  stars  with  known  declinations  rise  together,  but  cross 
the  meridian  after  a  given  interval,  find  the  latitude  of  the  place. 

7.  In  what  latitude  does  the  shadow  at  8  o'clock  in  the  morning 
move  at  the  same  rate  on  the  horizontal  and  on  the  vertical  south 
dial? 

8*  Find  the  aberration  in  declination  of  a  given  star,  and  shew 
how  the  coefficient  of  aberration  may  be  determined  from  observa* 
tions  made  on  the  declination  of  a  star  in  the  solstitial  colure. 

9.  Determine  the  paraUax  of  a  heavenly  body  by  observations 
made  out  of  the  plane  of  the  meridian. 

10.  Three  observations  are  sufficient  in  theory  for  determining 
the  elements  of  a  planet's  orbit. 

11.  If  a  superior  planet  which  describes  a  circle  in  the  ecliptic 
appear  stationary,  find  the  difference  of  heliocentric  longitude  of  the 
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earth  and  planet/  and  shew  that  this  could  not  take  place  unless*  the 
earth  moved. 

]  2.  If  the  heliocentric  latitudes  of  a  planet  taken  at  equal  in- 
tervals are  5»  16'  30^,  5»  17'  l4^  5«>  IT  3S",  S^  17'  28'';  find  the 
inclination  of  the  planet's  orhit  to  the  ediptic. 


St.  JOHN'S  COLLEGE,  June  1829. 

1.  Shbw  that  in  the  solution  of  ohlique-angled  spherical  tri- 
angles there  can  only  arise  four  cases,  and  write  down  the  equation 
for  each ;  also  prove  the  following  one, 

cot  A  sin.C  =  cota  sin.6  —  co8.C  cos.  6, 

and  by  means  of  a  subsidiary  angle  deduce  from  it  any  one  of  the 
quantities,  in  a  form  adapted  to  logarithms,  when  the  other  three 
are  given. 

2.  Prove  Napier's  rules  for  the  solution  of  right-angled  spherical 
triangles,  when  the  complement  of  an  angle  is  middle  part ;  and 
explain  under  what  modifications  they  are  applicable  to  the  solution 
of  quadrantal  triangles. 

3.  Determine  the  time  by  an  observed  altitude  of  the  Sun,  and 
correct  it  for  a  small  error  in  the  altitude ;  and  hence  find  the  longi- 
tude of  a  ship  that  is  provided  with  chronometers.  In  what  respects 
does  a  chronometer  differ  from  a  common  watch  ? 

4.  Define  the  angle  of  position  of  a  star,  and  compute  it  from 
the  right  ascension  and  declination. 

5.  Fmd  the  Sun's  azimuth  at  setting,  and  shew  how  the  result 
may  be  applied  to  determine  the  variation  of  the  compass.  Is  the 
deviation  of  the  magnetic  needle  from  the  north  always  nearly  the 
same  at  the  same  place  ? 

6.  By  what  observations  is  the  existence  of  refraction  proved  > 
What  is  its  effect  on  the  heavenly  bodies  ?  Correct  the  mean  re- 
fraction for  a  change  in  the  pressure  apd  temperature  of  the  at- 
mosphere. 

7.  To  find  the  aberration  in  right  ascension  and  declination  of 
a  given  star,  and  the  time  of  the  year  when  it  vanishes  in  each  case. 
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'  9k  If  »  and  L  repraeiit  the  height  of  die  nonagesimal  and  iti 
iongitude,  /  and  X  the  longitude  and  latitude  of  a  star^  P  the  hon- 
zontal  parallax ;  prove  that  the  parallax  in  longitude 

^  gJiLfi  gin.(L  «-  /) 

-=  -t  '9 

C08.A 

parallax  in  latitude  s  P  {co8.n  co6.x  —  8in.ii  ain.x  co8.(L  --/)}* 

9.  To  find  the  longitude  of  the  perihelion,  and  the  time  of  the 
Earth's  paasmg  through  it. 

10.  Shew  that  the  planets  are  opaque  and  spherical,  and  that 
they  do  not  revolve  round  the  Earth ;  also  find  the  longitude  of  the 
node  of  a  planet's  orhit,  from  observations  made  on  the  planet  when 
in  its  node. 

11.  To  find  Jupiter's  distance,  from  an  observed  eclipse  of  a 
satellite.  Mention  some  of  the  peculiarities  in  the  motions  of 
Jupiter's  satellites,  and  the  Astronomical  discoveries  to  which  thef 
have  led. 

12.  Explain  the  Moon's  phases ;  account  for  the  faint  light  ob- 
served on  the  Moon*s  disk  when  in  conjunction,  and  also  when  sufier- 
ing  an  eclipse. 


St.  JOHN'S  COLLEGE,  Jun»  1839. 

1 .  In  a  spherical  triangle  whose  sides  are  a,  b,  and  included 
angle  C,  prove  that  half  the  spherical  excess 

as  m  8in.C  —  -~  ai]L2C  +  ~  siikSC  —  &c,  where  tan.^  taa^^sw. 

Z  O  2  2 

2.  A  plane  triangle  whose  sides  are  a,  6,  c  is  placed  in  a  tsfikete 
radius  =  r;  prove  that  the  angle  between  the  arcs  of  great  cirdea 
of  which  a  and  6  are  the  chords,  will  be  90^,  if 

^  ab 

3.  If  three  stars  have  the  same  altitude,  the  difibranoa  of  asimuth 
of  anf  two  is  twice  their  angular  dutanee  as  seen  from  tho  third. 
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4.  If  Zy  />  be  the  leiuth  aistancet  of  a  lUr  wlien  ia  the 
vertical  on  di£ferent  sidea  of  the  meridiaa ;  prove  that  tan.  -.tan.-  is 
the  same  for  all  stars  that  have  the  same  declinatum. 

5.  If  BC  represent  the  substyle,  il  C  the  six  o'clock  hour-line  of 
a  horijKmtal  dial ;  and  if  AB  be  any  line  placed  between  them  so 
that  ^C.sin.  lat.  ==ilC>  M  its  middle  pointy  JET  a  pcmit  in  MB 
such  that  MH  =  ilM.  tan.(45  —  A) ;  prove  that  if  CH  be  joined, 
it  is  the  hour-line  corresponding  to  the  hour-angle  (A) ;  and  explain 
the  superiority  of  thiaas  a  practical  method  of  constructing  horiaontal 
dials. 

6.  Suppose  the  latitude  and  longitude  of  a  place  on  ihe  Earth's 
surface  are  given ;  investigate  formula  ibr  finding  the  latitude  and 
longitude  of  another  place  very  near  the  former^  whose  bearing  and 
distance  are  known. 

7.  The  stereographic  projection  of  any  diametral  section  of  an 
oblate  spheroid,  on  the  plane  of  the  equator,  is  a  dxde  %  the  eye  beiQ|^ 
placed  in  the  pole ;  find  its  centre  and  radius. 

8.  When  the  equation  of  time  is  a  maximum,  the  Sun's  longi* 
tude  (/)  must  be  derived  from  the  equation 

cos.ir{l  +  e  cos.(/—  •)}  =  (1  -  ««)*(!  —  Bin.2/8in.«i.), 
where  (a)  denotes  the  longitude  of  the  perihelion. 

di  Investigate  the  formula  of  lunar  nutation  in  right  ascension, 
and  find  the  longitude  of  the  Moon's  nodes  when  it  is  a  aaximua. 

10.  The  geocentric  latitudes  of  an  inferior  planet  at  two  success 

sive  conjunctbns  with  the  Sun,  slanted  by  an  interval  2>wereob« 

served  to  be  0  and  ^y  the  planet  in  both  cases  being  nearly  90*  firom 
its  node ;  if  t  be  the  incHnation  of  its  orbit,  shew  that 

\%    sin.(g-/y) 
'sin.(i3+^' 

where  P  equal  one  year. 

11.  To  explab  the  physical  cause  of  solar  precession,  and  to  in* 
vestigsie  its  quantity  for  any  given  time. 

12.  Shew  that  the  attraction  of  the  perimeter  of  an  equilateral 


-m* 
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^herical  triangle  on  the  centre  of^the  sphere 


where  (a)  s  length  of  its  aide ;  the  attraction  of  a  quadrant  of  a 
great  circle  heing  reckoned  unity,  and  force  oc  — •  Explain  the  re- 
fult  when  a  =  120^. 


St.  JOHN'S  COLLEGE,  Mat  1830. 

1 .  Invebtioatb  the  properties  of  the  supplemental  triangle. 

2.  Prove  Napier's  analogies. 

3.  When  the  vertical  plane,  in  which  a  transit  instrument  moves, 
nearly  coincides  with  the  meridian,  find  the  deviation  by  means  of 
the  observed  superior  and  inferior  transits  of  the  same  circumpolar 
star.  What  other  errors  affect  the  adjustment  of  a  transit?  How 
are  they  found  out  and  corrected  ? 

4.  Find  the  right  ascension  of  the  Sun  and  the  obliquity  of  the 
ediptic 

5.  Find  the  length  of  a  tropical,  a  sidereal,  and  an  anomalistic 
year. 

6.  Find  the  refraction  considering  the  atmosphere  homogeneous. 
Determine  the  coefficient  of  refraction. 

7.  Determine  the  parallax  of  a  heavenly  body  by  observations  made 
in  the  plane  of  the  meridian.  How  are  the  eftcts  of  parallax  to  be 
extricated  from  ihose  of  refraction? 

8.  The  aberration  of  a  star  =  2(f'25 .  sin.  Earth's  way.  Find 
the  aberration  of  a  star  in  right  ascension. 

9.  Investigate  the  relation  between  the  true  and  mean  anomaly. 
Find  the  equation  to  the  centre  in  orbits  of  small  eccentricity. 

10.  Find  the  node  of  a  planet's  orbit  from  observations  made  on 
the  planet  in  its  node. 

11.  Find  the  longitude  of  a  place  by  the  observed  distance  of  the 
Moon  from  the  Sun,  or  from  a  fixed  star.  Are  any  other  observations 
necessary? 

Explain  the  method  of  finding  small  dlSerenoes  of  hmgitade  by 
means  of  signals  made  on  the  Earth's  surface. 
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12.  Construct  a  dial  on  a  plane  inclined  at  any  given  angles  to 
the  meridian  and  horizon. 

Of  what  nature  is  the  error  in  the  time  shewn  by  a  dial  ?  What 
are  the  sources  of  the  error  ?     When  does  it  vanish  ? 

JS.  How  does  the  projection  of  a  small  portion  of  the  Earth's 
mriace  near  the  edge  of  the  projection  differ  from  that  of  the  same 
portion  near  the  centre,  in  the  two  projections  commonly  used  ? 


St.  JOHN'S  COLLEGE,  May  1880. 

1.     In  a  spherical  triangle  where  a,  b,  C  are  given,  prove  that  c 
may  be  found  from  the  formulae 

0  C 

sin.'  -  s  8in.a  sm.i  oos.^  ~i 

an.«-=8in. 2" ^  sin. ^ ; 

explain  why  these  formulas  are  inconvenient  when  the  side  c  is  nearly 
180^,  and  investigate  similar  ones  suited  to  that  case. 

2.  If  a,  ffhe  arcs  drawn  from  the  right  angle  C  of  a  spherical 
triangle  respectively  perpendicular  to,  and  bisecting  the  hypothenuse  ; 
prove  that 

cot.a  =s  \/(cot.«a  +  cot.«6), 

♦««  o       V(«in.^g  +  sin.g&) 

tan.lS  = ; r —  • 

cos.a  +  COS.0 

3.  The  hour-angle  of  a  star,  whose  declination  is  J,  when  seen 
in  a  certain  vertical  plane  is  h,  and  when  next  seen  in  the  same  ver- 
tical plane  its  hour  angle  is  //:  prove  that  tan.  latitude  of  the  place 

tan.}. 


COS.  - 

2 

■"" 

h 

COS.  - 

T 

Z 

4f.  The  angle  between  the  shadow  on  a  horL?ontal  dial,  and  the 
position  it  would  occupy  if  the  style  were  vertical,  is  at  any  time  the 
complement  of  the  angle  between  the  vertical  circle  passing  through 

H 
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the  Suiiy  and  that  which  cuts  his  declination  circle  at  right  angles ; 
shew  that  at  the  equinoxes  this  angle  is  the  greatest  at  3  o'clock. 

5.  Given  the  latitudes  of  two  places,  find  the  radius  and  position 
of  the  centre  of  the  stereographic  projection  of  the  parallel  pasting 
through  cme,  upon  the  faorison  of  the  other. 

6.  The  angular  motion  of  the  shadow  of  a  vertical  gnomon  on  a 
horizontal  plane  will  he  the  greatest,  when  its  length 


=  ay(».f-i); 


a  heing  the  length  of  the  gnomon,  and  m  the  altitude  of  the  Sun 
when  on  the  prime  vertical,  on  the  given  day. 

7.  How  is  it  shewn  that  the  diameter  of  the  Earth's  orbit  sub- 
tends an  evanescent  angle  at  the  fixed  stars  ?  If  the  fixed  stars  have 
an  annual  parallax,  shew  that  the  formule  for  aberration  three  months 
after  the  present  time  will  represent  its  efiects  on  their  places. 

8.  The  great  circles  in  which  a  circumpolar  star's  motion  seems  to 
lie  at  three  points  of  its  course,  are  produced  to  meet,  and  the  points 
of  intersection  are  found  to  have  the  same  latitude  X ;  if  ^  be  the  de- 
clination of  the  star,  prove  that  sin.  obliquity 

=  is/(sin.«(J  —  X)  -  cos  «X  cos.«5). 

9.  In  a  given  latitude,  and  on  a  given  day,  find  how  long  the  Sun 
will  be  in  rising,  and  where  and  when  he  will  rise.  Also  determine 
that  star  which  rises  in  a  given  point  of  the  horizon  at  the  same  in- 
stant as  the  Sun's  centre. 

10.  Describe  the  repeating  circle,  and  its  use  in  finding  the 
angular  distance  between  two  objects  by  the  method  of  crossed  obser- 
vations. 

11.  To  calculate  the  places  on  the  Earth's  surface  where  a  given 
solar  eclipse  is  visible. 

12.  If  a  ship  sail  in  the  shortest  course  from  a  place  in  latitude  /, 
,  to  a  place  in  the  equator,  prove  that  in  latitude  f ,  where  cot^f  = 

cot.^/  4-  cosec.^/,  she  will  be  nearer  the  end  than  the  beginning  of  her 

course  by  a  distance  =  -7 6 ;  a  and  b  being  the  semi-axes  of  the 

terrestrial  spheroid,  and  n  the  length  of  the  normal  at  starting,  at 
which  time  also]|the  ship's  course  is  perpendicular  to  the  meridian. 
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CORPUS  CHRISTI  COLLEGE,  May  18S0. 

1,  EmiWBBATB  the  argument!  Iqr  which  tht  diufn^l  rotation  of 
the  Earth  round  its  4x18,  ^nd  its  annual  motion  rpund  the  Sun>  are 
estaUished. 

%  Find  the  length  of  the  normal  at  any  point  of  the  terrestrial 
meridian  in  terms  of  the  latitude ;  and  thence,  hy  means  of  a  seconds' 
pendulum  determine  the  compression.  The  Earth  heing  supposed  to 
be  an  oblate  spheroid  of  small  eccentricity. 

3«  Define  the  Geodesic  line,  and  shew  that  it  is  the  shortest  line 
that  can  be  drawn  on  the  Earth's  surface  between  any  two  points  of 
its  course* 

4.    Explain  the  nature  and  use  of  the  common  veryiier* 

5»  Given  two  altitudes  of  the  Sun,  and  the  time  between ;  find 
the  latitude  and  hour-angle. 

6.  Prove  Brinkley's  formula  for  the  mean  refraction,  and  shew 
that  it  is  reducible  to  the  same  form  as  Bradley's. 

7.  The  refraction  being  =  m ,  tan.z  -f  «' .  (tan^z)* ;  give  Lacaille's 
method  of  ooniputing  the  coefficients* 

8.  Find  the  effects  of  parallax  on  the  hour-angle,  and  decUnatioii 
of  a  heavenly  body. 

9.  Define  the  terms.  Precession  and  Nutation,  and  find  the  efieets 
of  the  former  on  the  right  ascension  and  declination  of  a  given 
star. 

10.  Find  the  longitude  of  the  perihelion,  and  the  time  of  the 
Earth's  passing  through  it. 

11.  If    0  =  the  true  anomaly, 

»./flB  •••  mean •« 

f  =  •••  eccentricity.    Then,  t  being  small ; 

5  t^ 

0  s  n .<  +  8.t  sin.fil  +  ~^.un,2.ni  nearly. 

12.     Supposing  a  Comet  to  move  in  an  orbit  of  great  eceentrioity ; 

H  2 
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inTestigate  the  following  formula  for  determining  the  distance  (^)  of 
the  Comet  from  the  Sun^  corresponding  to  given  anomalies ; 


J'-'-iMfco} 


£s  8in.9.Bin.f  —  \ .8in.2d.8m.2^  +  i.8in.30.sin.3f  *  &c 
where  0  =  i  •  sum  of  the  true  and  eccentric  anomalies, 
and  f  =  i  their  difference. 

13.  Define  the  equation  of  the  centre^  and  shew  that  in  the 
Earth's  orbit,  its  greatest  value  is  nearly  equal  to  twice  the 
eccentricity. 

14.  Given  three  distances  of  a  planet  from  the  Sun,  and  the 
corresponding  arguments  of  latitude :  find  the  place  of  the  perihelion, 
and  the  true  anomaly  at  the  first  observation. 

15.  Explain  the  phases  of  Venus.  State  also  M.  Schroeter's 
reasons  for  supposing  that  her  atmosphere  is  much  denser  than  that 
of  the  Moon. 

16.  Find  the  time,  magnitude,  and  duration  of  a  lunar  eclipse. 
17*    The  orthographic  projection  of  the  rhumb  line  on  the  plane 

of  the  equator  is  an  hyperbolic  spiral. 

18.  Construct  an  horizontal  dial  for  a  given  latitude,  and  de« 
termine  the  position  of  the  laist  hour^-line. 

19.  driven  the  Sun's  altitude ;  find  at  what  angle  a  straight  rod 
must  be  inclined  to  the  horLeon,  that  the  length  of  its  shadow  may 
be  the  greatest  possible. 

20.  Describe  fully  the  lunar  method  of  determining  the  longitude 
at  sea.  Give  also  the  analytical  process  adopted  by  Borda,  for 
determining  the  true  distance. 

21.  Given,  tan.-»  10  =  14711276, 

tan;-»  11  =  14801864, 
tan.-i  13  « 14940244, 
find  tan."*  1 1*63  by  the  method  of  interpolations : 

22.  Find  the  time  of  year  when  the  duration  of  twilight  is 
shortest. 

23.  Whence  does  it  appear  manifest  that  the  Moon  is  surrounded 
by  a  much  rarer  atmosphere  than  that  of.  our  Earth  ?  From  what 
circumstance  did  some  of  our  astronomers  formerly  deny  the  existence 
of  an  atmosphere  at  the  Moon  ? 
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24'.  Supposiiig  the  Earth's  orbit  to  be  a  logarithmic  spiral,  find 
the  equatian  to  the  aberratic  curve. 

25.  Explain  the  method  of  least  squares  as  given  by  Gauss; 
and  show  that  it  gives  the  most  pfobaUe  values  of  the  unknown 
quantities. 

26.  Determine  the  Sun's  parallax  by  means  of  a  transit  of  Venus 
over  the  Sun's  disk. 


CAIUS  COLLEGE,  May  1830. 

1.  Fa  — .    Find  the  time  of  a  body  descending  in  a  straight 

line  from  a  given  point  to  the  centre  of  force. 

2.  F  (X  — r«    A  body  is  projected  from  any  point  in  any  direc- 

D* 
tion  with  a  velocity  equal  to  that  from  infinity.     Find  the  equation 
to  the  curve  described,  the  position  of  the  apse,  and  the  whole  angle 
described  before  the  body  falls  into  the  centre. 

3.  A  body  is  revolving  in  an  ellipse,  round  the  focus,  and  at  the 
extremity  of  the  axis-minor  half  the  force  is  suddenly  taken  away ; 
determine  the  alteration  which  takes  place  in  the  form  of  the 
orbit. 

4.  Prove  that  the  force  by  which  the  cissoid  may  be  described 

n                  i. i.        .      ,                           (cosecd)*     ,        - .     , 
round  a  centre  of  force  in  the  cusp  vanes  as ;— ,  where  fl  is  the 

angle  which  the  radius  vector  (r)  makes  with  the  axis. 

5.  Find  the  time  of  an  oscillation  in  a  circular  arc,  when  the 

A 

force  in  the  direction  of  the  curve  varies  as-r--,  0  beine  the  distance 
from  the  lowest  point. 

6.  A  body  is  describing  a  circular  arc,  and  acted  upon  by  a  force 
tending  to  a  given  fixed  point  without  the  circle;  determine  its 
velocity  at  any  point. 

7.  The  particles  of  a  cone  attracting  with  a  force  which  varies  as 

-^ ,  compare  the  attraction  on  a  particle  in  the  vertex  with  that  on 
a  particle  in  the  oentre  of  the  base^ 
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8.  Find  the  centre  of  preisuie  of  a  Bemi-panbola  immersed 
vertically  in  a  fluids  with  its  vertex  just  coincident  with  the  surface 
and  its  base  parallel  to  it. 

9.  A  vessel  in  the  fomi  of  the  h3rperb(doid  of  revolutidii  has  its 
axis  vertical  and  vertex  downwards ;  find  the  time  of  emptying  it 
through  a  given  small  orifice  in  the  vertex. 

10.  A  given  paraboloid  contains  a  given  quantity  of  fluid;  de- 
termine the  angle  at  which  its  axis  may  be  inclined  to  the  vertical 
before  the  fluid  runs  out. 

11.  A  fluid  mass  has  a  given  uniform  motion  of  rotation^  and  its 
particles  are  attracted  to  two  constant  centres  of  force  in  the  axis  of 
rotation.     Determine  the  form  which  its  surface  will  assume* 

12.  A  body  oscillates  in  a  circle^  in  the  medium  of  which  the 
resistance  varies  as  the  velocity ;  find  the  time  of  one  of  its  small 
oscillations. 

13.  Find  the  lengths  of  the  day  and  nighty  when 

cos.(/-»)_  ^/g+1^ 

cos.(/ + J)  ^  V2 — r 

/  being  the  latitude  of  the  place  and  }  the  Sun's  declination. 

14>.  The  Sun's  azimuths  at  the  beginning  and  end  of  twilight  are 
supplements  to  each  other  on  the  day  of  shortest  twilight. 

15.  Prove  that  the  times  in  seconds  in  which  the  Sun  will  pass 
the  horizontal  aud  vertical  wires  of  a  telescope  are  respectively 

If'  ,         U' 

and 


15  cos.  lat  sin.  dec.  15  cos.  dec. 

D  being  the  apparent  diameter. 

16.  A  style  projects  vertically  from  the  top  of  an  upright  cone ; 
find  the  path  described  by  the  extremity  of  its  shadow  on  the  surface 
of  the  cone. 
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L  Giv^EN  the  distance  of  the  focus  of  Incident  reys  from  the 
centre  of  a  given  spherioal  reflector ;  find  the  distaiioe  of  the  geo- 
metrical focue  of  reflected  rays  flmn  the  centre,  when  they  are  incident 
nearly  perpendicularly* 

2.  Given  the  position  of  an  olgect  placed  between  two  plane 
reflectors  inclined  at  a  given  angle ;  find  the  total  number  of  images^ 
and  apply  it  to  the  case  where  the  angle  of  inclination  is  equal  to 
IP  15'. 

5.  A  straight  line  is  placed  before  a  concave  spherical  reflector, 
at  the  distance  of  one-third  of  its  radius  from  the  surface ;  find  the 
dimensions  of  the  curve  formed  by  its  image,  the  radius  of  reflector 
being  9  inches* 

4.  Having  given  the  ratio  of  the  sines  of  incidence  and  refraction, 
when  a  ray  passes  out  of  one  medium  into  each  of  two  others,  to  find 
the  ratio  of  the  sine  of  incidence  to  the  sine  of  refraction  out  of  one 
of  the  latter  mediums  into  the  other. 

6.  Wh^  parallel  rays  are  incident  neariy  perpendicularly  upon  a 
^flriflftl  refhieting  surface,  the  dirtanee  of  the  interaeetion  of  the 
refracted  ray  and  the  axis,  from  the  centre,  is  the  greatest  when  the 
arc  is  evanescent* 

6.  A  pencil  of  parallel  rays  passes  from  water  through  a  globule 
of  air  ;  find  the  focus  after  the  second  refraction. 

7.  Find  the  focal  length  of  a  compound  lens. 

8.  Explain  the  construction  of  Newton's  telescope,  and  shew  how 
it  must  be  adjusted  to  the  eye  of  a  long-sighted  person. 

9.  An  object  whose  real  depth  below  the  surface  of  the  water  is 
ten  feet,  is  viewed  by  an  eye  fifteen  feet  above  the  surface.  What 
must  be  the  focal  length  of  a  lens  through  which  it  is- viewed,  that 
its  apparent  depth  may  be  ten  feet  i 
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10.  If  a  plane  mirror  be  turned  round  uniformly^  the  angular 
velocity  of  the  image  of  a  given  object  formed  by  continual  reflection 
at  its  surface  :  angular  velocity  of  reflector  : :  2  :  1. 

1 1 .  Tlfe  radii  of  a  spherical  reflector  and  sphere  of  glass  of  same 
aperture  and  power  are  in  the  proportion  of  3  :  I.  Compare  the 
density  of  rays  in  Sun's  image  formed  by  them. 

12.  Two  straight  lines  are  inclined  at  a  ^ven  angle^  and  a  point 
E  is  given  without  them^  a  line  EFf  moves  round  the  point  E,  and 
cuts  the  given  lines  in  F  and/;  find  the  locus  of  the  mirror  A  so 
that /shall  always  be  the  image  of  F. 

13.  Suppose  a  mirror  M  to  move  in  a  straight  line  AB,  and  an 
object  D  in  the  line  il  C  at  right  angles  to  it^  and  distance  between 
object  and  mirror  to  be  constant ;  to  determine  the  locus  of  an  eye^ 
which  being  always  at  the  same  distance  as  the  object  from  the  mirror, 
shall  always  see  the  object. 

14.  Having  given  the  refracting  powers  of  two  mediums,  to  find 
the  ratio  of  the  focal  lengths  of  a  convex  and  concave  lens,  formed  of 
these  substances,  which,  when  united,  produce  images  nearly  free 
from  colour. 

15.  When  a  ray  of  light  is  incident  obliquely  upon  a  spherical 
reflector,  to  determine  the  intersection  of  the  reflected  ray  and  the 
axis  of  the  pencil  to  which  it  belongs,  and  shew  that  when  the  focal 
length  is  given,  the  longitudinal  aberration  of  parallel  rays  varies  as 
(lin.  apert.)'  and  lateral  aberration  varies,as  (lin.  apert.)'. 

16.  If  an  object  be  placed  in  the  principal  focus  of  a  double 
convex  lens,  the  visual  angle  is  the  same,  whatever  be  the  distsvice  of 
the  eye  from  the  glass. 

17.  Find  the  length  of  a  caustic  generally,  and  apply  it  to  the 
case  when  the  reflecting  curve  is  a  semicydoid,  rays  parallel  to 
axis. 

18.  Find  the  density  of  rays  in  a  caustic,  when  reflecting  surface 
is  a  hemisphere,  radiating  point  in  surface. 
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TRINITY  COLLEGE,  1821. 

1.  (1).  State  the  velodtj  of  lights  and  the  manner  in  which  it 
was  first  asoertainecL  • 

(2).  Prove  that  the  intensity  of  lights  when  transmitted 
through  an  uniformly  dense  medium,  decreases  in  geometrical 
progression. 

2.  Enumerate  the  principal  discoveries  of  Newton  in  the  science 
of  Optics ;  and  give  a  concise  account  of  the  experiment  by  which  he 
determined  the  refrangibility  of  light. 

3.  If  an  object  be  placed  before  a  parallel  plane  mirror,  the  image 
will  appear  to  occupy  half  the  space  occupied  by  the  object. 

4.  Two  fixed  objects  situated  on  the  same  side  of  an  inde- 
finite straight  line,  are  viewed  from  different  points  of  that  line ; 
required  the  point  at  which  their  apparent  distance  shall  be  a 
maximum. 

5.  Rays  nearly  parallel  being  incident  on  a  spherical  reflector* 
whose  radius  is  (r) ;  prove^  that  jfd,d^he  the  distances  of  the  foci 
of  incident  and  reflected  rays  from  the  surface 

L  +  U  +  H. 

according  as  the  reflector  is  concave  or  convex. 

6.  Find  an  incident  ray  parallel  to  the  axis  of  a  given  reflecting 
circular  arc,  that  shall  be  reflected  so  as  to  pass  through  a  given  point 
in  the  circumference. 

7.  The  reflecting  curve  being  the  common  parabola,  and  the  inci« 
dent  rays  perpendicular  to  the  axis,  find 

(1).  The  caustic,  and 

(2).  The  point  where  it  intersects  the  axis. 

8*  If  a  ray  of  light  be  incident  obliquely  on  a  small  arc  (0)  of  a 
spherical  reflector,  whose  radius  is  (r),  and  if  (<Q  be  the  distance  of 
the  focus  of  incidence  from  the  centre ;  prove  that  the  longitudinal 
aberration 
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9.  An  infinitely  slender  pencil  of  rays  is  incident  nearly  perpen- 
dicularly upon  a  spherical  refracting  surface  whose  radius  is  (r) ; 
then  if  (</),  (x)  denote  the  ^stances  of  the  foci  of  incident  and  refracted 
rays  from  the  surface,  and  if  the  sine  of  incidence  be  (n)  times  that 
of  refiBGtioii, 


X      r       n\r       dj 


10.  (1).  If  an  homogeneous  ray  of  light  be  refracted  through  a 
prism  of  a  denser  medium,  the  deviation  will  be  a  minimum^ 
when  the  refractions  on  both  sides  of  the  prism  are  equal. 

(2).  Shew  that  when  this  is  the  case,  if  {a)  be  the  vertical 
angle  of  the  prism,  (})  the  doTiation,  and  (n)  the  constant  ratio 
of  the  sine  of  inddeuce  to  that  of  refraction. 

8in.i(i  +  a) 
sin.Ja 

(3).  By  what  methods  may  the  refractive  power  of  any  trans- 
[Nurent  solid  substance  be  determined  ? 

1 K  Required  the  focal  lengths  «f  a  double  convex  lens  of  given 
thickness,  the  sine  of  incidence  being  {n)  times  that  of  refraction. 

12.  Explain  the  structure  of  the  eye>  and  the  manner  in  which 

vision  is  performed. 

13.  Shew  in  what  positions  of  the  eye  and  object,  the  image 
formed  by  double  convex  lens  will  be 

(1).  Magnified  or  diminished :  and 

(S).  Erect  or  inverted. 

14.  (1).  Construct  Gregory •s  telescope. 

(2).  Prove  that  the  field  of  view  depends  more  upon  the 
aperture  of  the  eye-glass,  than  of  the  smaller  reflector :  and 

(3).  Shew  that  the  aberration  produced  by  the  first  refiectioui 
b  increased  by  the  second. 

15.  Given  the  curvature  and  aperture  of  a  plano-convex  lens, 
whoee  plane  part  is  directed  towards  the  ol^ject ;  compare  the  errors 
arising  from  spherical  and  chromatic  aberration. 

16.  Find  at  what  point  in  the  axis  of  a  given  object-glaaSf  a  lens 
of  known  focal  length  must  be  placed,  so  as  to  oorrect  the  dispersion 
of  an  heterogeneous  ray  refracted  through  the  fiumer 
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17*  Requirdd  the  cunre^  in  each  poiiit  of  which>  the  ttme  given 
brightnen^  suppoted  equal  to  unity^  vnll  be  produoed  by  a  given 
radiating  point. 

18.  If  {F)  be  the  principal  focal  length  of  a  triple  object-glass, 
composed  of  three  contiguous  lenses,  whose  principal  focal  distances 
9iep^,p^f  p^f  respectively ;  prove  that 

i  =  i  +  l  +  l. 


TRINITY  COLLEGE,  1823. 

1.  Statb  the  principal  hypotheses  which  have  been  formed 
respecting  the  nature  of  light,  and  the  objections  which  have  been 
raised  against  each  of  them. 

2.  If  light,  diverging  from  a  luminous  point  situated  in  a  uniform 
transparent  medium,  lose  an  nth  part  of  its  rays  in  passing  through 
any  portion,  its  intensity  after  passing  through  equal  successive 
intervals  will  decrease  as  the  series 

n  4n«  9n»  16»* 

S.  Hating  given  the  position  of  two  lights  of  known  intensities, 
to  determine  the  nature  and  equation  of  the  surface,  of  which  every 
pomt  shaU  be  equally  illuminated. 

4.  A  reflector  is  fbrmed  by  the  revolution  of  a  small  arc  of  a 
catenary  round  its  axis,  and  rays  are  incident  on  it  parallel  to  each 
other,  and  to  the  axis :  find  the  Ibcus  of  reflected  rays. 

5.  The  reflecting  curve  is  the  reciprocal  spiral,  and  the  radiant 
pcnnt  is  situated  in  the  pole :  find  the  equation  to  the  caustic 

6.  The  curvature  of  the  image  of  a  small  portion  of  a  sphere 
placed  with  its  concavity  turned  towards  a  concave  spherical  reflector, 
is  equal  (o  the  curvature  of  the  object  together  with  that  of  a  sphere 
whose  radius  is  the  focal  length  of  the  reflector. 

7.  If  d  be  the  angle  of  incidence  of  a  homogeneal  ray  of  light 
which  passes  through  a  prism,  whose  refracting  angle  is  « ;  then 

a        I 

when  the  deviation  (^)  is  a  minimumi  9  ss  ^  4-  --• 
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8.  If  two  parallel  rajs  be  incident  on  a  transparent  sphere,  one 
perpendicularly,  and  the  other  at  an  angle  of  incidence  =  d ;  the  arc 
included  between  the  emergent  rays  is  one  whose  sine 

_  An.20^{nfi  -  sin.g^)—  an.B>^{m^  —  2  sin^g^) 

-        m      sine  of  incidence 

where  "-  =  —, ■• 

I        sine  of  refraction 

9.  If  jP  be  the  focal  length  of  a  double  convex  lens,  the  radii  of 
^whose  surfaces  are  r,  /,  and  its  thickness  (which  is  small)  ==  / ; 

-p  =  (m  -  1 )  I  -  +  ^  +       ^        J ,  nearly. 

10*  Determine  the  apparent  magnitude  of  a  straight  rectilinear 
object,  placed  at  a  given  depth  parallel  to  a  surface  of  water,  the  eye 
being  situated  in  a  given  point  in  the  plane  which  passes  through  the 
object  perpendicular  to  the  surface. 

1 1 .  Find  the  form  of  a  surface  which  shall  refract  parallel  rays 
accurately  to  a  point  within  it. 

12.  If  1  +  r,  1  +  v,  be  the  raiio  of  refraction  belonging  to  the 
red  and  violet  rays  respectively,  in  a  lens  whose  aperture  is  D  :  the 

diameter  of  the  least  circle  of  aberration  is  — —  •  D. 

V  +  r 

1 3.  Construct  the  Gregorian  telescope ;  find  its  magnifying  power, 
and  greatest  field  of  view. 

14.  Explain  the  Camera  Lucida. 

15.  If  m,  n  be  the  raiio  of  refraction  belonging  to  the  red  and 
violet  rays  respectively  in  a  double  convex  lens,  with  surfaces  of 
equal  radii  r ;  and  m',  n'  those  in  a  double  concave  lens,  and  the  two  be 
placed  so  as  to  coincide ;  then  if  the  radius  of  the  exterior  surface 

=s  -7 277 7T  •'■*  tlie  compound  lens  will  be  achromatic, 

«'  —  »  —  2  (m  —  m  )  *^ 

the  thickness  of  each  being  neglected. 

1 6.  If  the  rays  of  a  small  pencil  of  light  fall  upon  a  drop  of  water, 
and  emerge  parallel  after  p  reflections  within  it, 

tan.  of  incidence 

»     tan.  of  refraction  ""  ^ 
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TRINITY  COLLEGE,  1825. 

1.  Pbovb  that  a  ray  of  light  emanating  from  a  given  point,  and 
reflected  by  a  plane  surface  to  an  eye  in  a  given  position,  describes 
the  shortest  path  possible. 

2.  If  rays  nearly  parallel  be  incident  on  a  convex  or  concave 
spherical  reflector,  determine  the  relation  between  the  distances, 
from  the  surfoce,  of  the  fod  of  incident  and  reflected  rays. 

3.  A  ray  of  light  emanating  fiom  a  luminous  point  being  incident 
at  an  angle  tan."*'a>  on  a  curve  whose  equation  is 

prove  that  the  equation  to  the  reflected  ray  is 

and  thence  deduce  the  general  equation  to  a  caustic  by  reflection. 

4.  When  the  reflectbg  curve  is  a  Q,  and  the  radiating  point  on 
its  0^>  prove  that  the  caustic  is  a  cardioide,  whose  base  is  a  0  con- 
centric with  the  given  0,  and  the  radius  of  which  is  ^  of  the  radius 
of  the  given  0. 

5.  Find  the  least  0  of  aberration,  into  which  a  pencil  of  rays, 
reflected  by  a  spherical  surface,  is  collected. 

6.  Give  Newton's  demonstration  of  the  fundamental  law  of 
refraction. 

7.  Explain  the  method  of  determining  the  refraction 

(1).  Of  a  transparent  solid, 

(2).  Of  a  liquid, 

(3).  Of  a  gaseous  body. 

8.  A  small  pencil  of  rays  being  incident  on  a  spherical  refracting 
surface  bounding  two  different  media,  to  find  the  focus  of  refracted 
rays. 
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•  9.  (I).  It  F  represent  the  focal  length  of  a  double  convex  len8> 
the  radii  of  whose  surfaces  are  r  and  r^,  and  the  sine  of  incidence 
be  (m)  times  that  of  rtf raotipQj  prov^  thut 

(2).  How  must  this  formula  be  modified^  ao  as  to  exhibit 
^  in  the  meniscus^  and  in  the  concavo^oonvexj  and  double  con- 
cave  lenses. 

10.  ProVe  that  the  conjugate  foci  move  in  the  same  or  In  opposite 
directions^  according  as  the  rays  are  incident  on  h  refractbg  or  a 

reflecting  surface. 

11.  If  a  straight  line  be  placed  at  right  angles  to  the  axis  of  a 
spherical  reflector,  or  of  a  lens  at  a  distance  (a)  from  the  centre, 
prove  that  the  pc^r  equation  to  the  image  is 

^_         /         . 
r= _^, 

I  +  ^  C08.9 

a 

in  which  r  ss  distance  from  the  centre  of  any  point  in  the  image. 

h  s  angle  subtended  at  the  centre  by  the  straight  line, 

y*a=  principal  focal  length  of  the  reflector  or  lens ; 

and  thence  determine  the  particular  cases  in  which  the  image  is  an 
ellipse,  hyperbola  or  parabola. 

12.  ( 1 ) .  Construct  Newton's'telescope,  find  its  magnifying  power, 
and  determine  its  field  of  view. 

(2).  What  advantage  hfive  reflecting  telescopes  over  re- 
fractors ? 

IS.  If  (F)  be  the  focal  length  of  a  simple  microscope,  (c)  the 
nearest  distance  of  vision,  then  the  greatest  angle  under  which  the 

image  of  a  line  (a)  can  be  viewed  W  ^  (  c?  +  ")• 

14.  To  find  the  centre  and  diameter  pf  the  least  circle  of  chromatic 
aberration. 

IB,    Construct  an  achromatic  telescope. 
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16*  Explidnthe  manner  in  which  die  primaf]iL{ind  aeconclfry 
bows  in  the  ndnbow  are  formedj  and  find  the  altitude  <tf  the  higheit 
point  above  the  horizon^  and  the  breadth  of  the  co]oun« 

17.  Describe  the  phenomenon  of  the  coloured  rings,  which  are 
formed  by  pressing  together  two  plates  of  glass :  and  state  and  examine 
the  hypotheses  that  have  been  advanced  in  explanation  of  this 
phenomenon. 


TRINITY  COLLEGE,  1826. 

1 .  What  are  the  laws  of  Optics  ?    How  are  they  piovtd  ? 

2.  How  does  it  appear  that  the  propagation  of  light  is  gradual  ? 

S.  Find  the  equation  between  the  focal  distances  for  a  spherical 
reflector.  Shew  that  it  answers  equally  for  a  convex  as  a  concave 
one. 

4.  Supposing  that  a  mirror  ooUects  the  Solar  rays  to  a  point  at 
the  distance  of  six  inches,  where  will  be  the  image  pf  an  object  placed 
in  front  of  it  at  twelve  feet  from  its  surface  ? 

5.  How  may  the  radius  of  a  convex  reflector  be  found  by  an 
observation  with  the  Solar  rays  ? 

114 

6.  Shew  that  in  oblique  reflection  -  +  -  =>s  "-*  (%  being  the  chord 

of  curvature  through  the  luminous  point.) 

7.  What  is  the  caustic  to  a  surface  generated  by  the  revolution 
of  a  cycloid  about  its  axis  ? 

8.  What  must  be  the  length  of  a  plane  vertical  mirror,  in  which 
a  person  may  see  his  whole  figure  reflected  ? 

9.  In  what  case  is  the  image  of  a  straight  line  produced  by  a 
spherical  mirror  an  hyperbola  ? 

10.  What  are  the  different  species  of  lenses?  Which  of  them 
are  of  the  same  nature  ? 

11.  Find  the  focal  length  of  a  lens,  and  shew  that  it  is  the  same 
whichever  side  be  presented  to  the  incident  rays. 

12.  What  kind  of  glasses  are  used  by  persons  who  have  been 
couched? 

1 3.  How  are  the  lenses  made  to  achromatize  each  other  ? 
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1'^^  Shew  how  a  camera  lucida  may  be  constructed  with  two  small 
pieces  of  window  glass.  What  advantage  hat  such  an  instrument  over 
Dr.  WoUaston's? 

15.  What  is  the  general  principle  of  telescopes  ? 

16.  Describe  the  Dynamometer. 

17.  Account  for  the  formation  of  the  Rainbow. 

18.  Describe  the  phenomena  of  double  refraction. 


TRINITY  COLLEGE,  1827. 

L  Thb  illuminating  power  of  the  Sun  or  Moon,  when  in  the 
xenith,  on  a  horisontal  plane,  is  to  its  illuminating  power  when  at 
any  other  altitude,  as  radius  to  the  sine  of  the  altitude. 

S.  If  a  ray  of  light  be  reflected  once  by  each  of  two  plane  surfaces, 
in  such  a  manner  that  the  planes  of  the  first  and  second  reflections  are 
at  right  angles  to  one  another ;  then  will  the  cosine  of  the  inclination 
of  the  planes  to  each  other  be  equal  to  the  product  of  the  cosines  of 
the  angles  of  incidence  on  each ;  and  the  cosine  of  deviation  be 
equal  to  the  product  of  the  cosines  of  the  doubles  of  the  angles  of 
incidence. 

3.  When  rays  are  incident  on  spherical  reflecting  surfaces,  prove 
that  QF  :FE::  FE  :  Fq. 

4.  If  ^  be  the  semi-a])erture  of  a  spherical  reflector  which  is 
small  in  comparison  with  the  radius  r,  then  will  the  longitudinal 

aberration  of  parallel  rays  be  ^;  and  the  lateral  aberration  ^* 

5.  Determine  the  equation  and  form  of  the  causae  when  the 
reflecting  curve  is  a  circle,  and  parallel  rays  are  incident  in  its  plane : 
and  shew  that  the  caustic  near  the  cusp  approaches  indefinitely  near 
a  semi*cubical  parabola. 

6.  A  ray  of  light  cannot  pass  out  of  a  denser  into  a  rarer  medium, 
if  the  angle  of  incidence  exceed  a  certain  limit.  Determine  this 
limit  in  the  case  of  water  and  air. 

7.  If  a  ray  of  light  be  refracted  through  a  prism,  the  deviation 
will  be  a  minimum  when  the  incident  and  emergent  rays  make 
equal  angles  with  the  sides.  Apply  this  property  to  determine 
the  refracting  index  of  any  substance  that  can  be  formed  into  a 
prism. 
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8.  Find  the  focal  length  of  the  segment  of  a  sphere;  both 
iirhen  the  parallel  rays  are  incident  on  the  convex  surface^  and 
also  on  the  plane. 

9.  Explain  the  structure  of  the  Eye. 

10.  Having  given  the  distance  at  which  a  short-sighted  person 
can  see  distinctly^  to  find  the  focal  length  of  a  glass  which  Will  enable 
him  to  see  distinctly  at  any  other  given  distance. 

11.  To  determine  the  angle  which  a  small  object  subtends  at 
the  centre  of  the  eye  when  viewed  through  a  convex  lens. 

12.  Explain  the  construction  of  the  Newtonian  Telescope^  and 
shew  that  objects  seen  with  it  appear  inverted. 

13.  Explain  the  construction  of  the  Magic  Lantern ;  and  shew 
why  in  practice  it  is  necessary  to  place  a  large  lens  dose  to  the 
object. 

14.  Explain  what  is  meant  by  the  dispersing  power  of  any 
medium ;  and  shew  that  if  a  small  cylindrical  beam  of  white  light 
pass  nearly  perpendicularly  out  of  common  glass  into  air,  the 
dispersion  of  the  differently  coloured  rays  is  about  -g^  t>£  the  mean 
refraction. 

15.  To  determine  the  analytical  relation  which  must  hold  good 
in  order  that  two  prisms  with  small  refracting  angles  may  form  an 
achromatic  combination. 

16.  Find  the  altitude  of  the  highest  point  of  the  rainbow  above 
the  horizon^  and  the  breadth  of  the  colours. 


TRINITY  COLLEGE,  May  1828. 

1.  Enttveratb  and  explain  the  phenomena  which  are  observed 
when  a  small  beam  of  solar-light  is  received  in  different  directions 
on  a  crystal  of  Iceland  spar. 

2.  Define  the  term  deviaitofiy  and  prove  that  if  a  ray  of  light  be 
reflected  successively  at  two  plane  mirrors,  so  that  its  whole  course 
be  in  one  plane,  the  deviation  is  equal  to  twice  the  inclination  of 
the  miirrors.  Apply  this  proposition  to  explain  fhe  principle  of 
Hadley's  sextant. 

S.  Define  the  terms  pencil  of  rays,  focus,  divergence,  con- 
vergenoe,  and  diow  how  the  two  last  may  be  measured. 

I 
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4.  If  a  penoQ  of  diwgont  rays  ba  neoiTad  dxractly  oh  a  concave 
tpheriaal  mirror  of  prindpal  focal  length^  at  the  diitanoe  ti  from  itt 
origin  or  focus^  the  distance  v  from  which  it  diverges  after  reBexion 
is  given  hy  the  equation 

5n  If  the  same  pencil  be  received  obliquely  on  the  mirror,  ite 
axis  making  an  angle  9  with  the  normal,  the  distances  v  and  w,  at 
which  the  reflected  rays  meet,  (1)  in  the  primary,  (2)  in  the 
secondary  plane,  are  given  by  the  equations 


0). 

oos.<p  ^ 

(m.p       1 

(8)- 

1     1 

to      u 

cos.^ 

6.  When  a  ray  passes  through  a  prism,  its  whole  ernirse  bemg  in 
ona  plane,  shew  that  the  deviation  has  a  minimum  value  given  fay 
the  equation 

sin.——  ss  fA  sm,-. 

7.  If  a  pencil  of  rays  pass  directly  through  a  plane  refracting 
sarAoe  at  the  dlstanee  «  from  its  focus,  the  distance  «'  of  the  focus 
after  refraction  is  given  by  the  equation 

1_  _  1     1 

8.  If  the  incidence  be  oblique,  this  equation  resolves  itself  into 
two  as  in  the  case  of  reflexion : 

,,.    -     .  ,        cos.^       1    cos.^    cos.^ 

(I),  In  the  pnmary  plane,  -— r-  sa  -  •  ^ — ^  •  — ^^ 

'  '  *  U  (A     C0S.f '         U 

(2),  In  the  secondary  plane,     -.  =  -•-• 

U         fA    u 

9.  When  a  pencil  of  rays  passes  through  a  convex  refracting 
surftMe,  diverging  both  before  and  after  refraction,  if  the  incidence 
be  direct 
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(D.T-i. 

1 
r 

(^      1,-i 

,       fJk  —  —  1 

1              006.9                 COS-^ 

tt                1*                r 

10.  When  a  pencil  of  rays  passes  through  a  thin  double  convex 
lens^  diverging  after  emergence^  if  the  axes  of  the  pencil  and  lens 
ooineidej 


If  these  axes  make  with  one  another  an  angle  9>  the  pencil  passing 
Ihrough  the  centre  of  the  lens, 
C0S.9      C0S.9 

V  H 


I       1       /    oosy      Af\     ,    1\       ^ 
-  =  -—  (fl — ^^  1 )( — h  -  I  C08.9. 

1 1.  These  last  formule  apply  also  to  the  case  of  a  pencil  passing 
through  any  part  of  a  lens^  provided  its  axis  make  equal  angles  with 
the  surface  at  incidence  and  emergence. 

12.  Find  the  equation  to  the  curve  which  by  its  revolution  round 
the  axis  of  x  will  produce  a  surface  capable  of  refracting  a  large 
pencil  of  rays  accurately  from  one  focus  to  another,  and  show  that  a 
spherical  surface  may  be  found  which  will  answer  this  condition. 

IS.  Show  from  the  formulae^  that  when  a  pencil  of  rays  falls 
directly  on  a  concave  mirror  or  a  convex  len8,  it  receives  a  certain 
quantity  of  convergence  depending  merely  on  the  curvature  of  the 
surfaces,  and  that  the  same  propoaition  holds  in  reflection  with 
respect  to  oblique  pencils,  in  the  primary  but  not  in  the  seeondary 
plane. 

14.  Show  in  like  manner  that  when  a  divergent  pencil  passes 
directly  from  a  rarer  into  a  denser  medium,  its  divergence  is 
diminished  in  a  given  ratio  depending  merely  on  the  relative  refract- 
ing powers  of  the  media,  and  that  if  the  surface  separating  the  media 

I  2 
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be  conrex  towards  the  rarer  one^  tlie  pencil  after  being  thus  modified 
receives  a  certain  quantity  of  convergence  depending  on  the  ratio  of 
refraction  and  the  curvature. 

15.  Wh^  a  convex  lens  of  focal  length  f  is  used  without  any 
limitation  of  the  incident  pencils  to  produce  an  image  of  a  plane 
object,  the  rays  of  each  pencil  converge  to  difierent  points  included 
between  two  surfaces  which  touch  one  another,  having  for  their  radii 
of  curvature  at  the  common  vertex 

16.  Explain  the  effect  of  the  chromatic  dispersion  of  light  in  the 
case  (1)  of  the  object  glass  of  an  astronomical  telescope,  (2)  of  the 
single  eye-glass.  Explain  also  the  manner  of  correcting  the  defect 
in  each  case. 

17.  Explam  the  construction  of  Galileo's  telescope,  and  point  out 
all  the  particulars  in  which  it  differs  from  other  telescopes. 

18.  Calculate  the  ^magnifying  power  and  field  of  view  of  a 
Gregorian  telescope  from  the  following  data: 

Object  mirror,  focal  length  12  inches 

Small  mirror  •     1  

Field  glass  ••.••.••.•••    3  ,; > 

Eye  gkss 1  J  "^^"^  ^  ^'^^'^^^ 

Field-bar  aperture  ^  inch. 

19.  The  common  formuk  for  the  lens,  in  which  the  thickness 
is  neglected,  is  accurately  true  if  the  distances  represented  by  u 
and  r  be  measured  from  a  point  within  the  lens,  the  distances  of 
which  from  the  surfaces  of  the  lens  are  inversely  as  the  refiactions 
at  those  surfaces. 

20.  Account  for  the  formation  of  the  ordinary  rainbow,  and 
for  the  brightness  of  that  portion  of  the  sky  which  lies  within 
the  bow* 
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TRINITY  COLLEGE,  June  1829. 

1.  What  hypotheses  have  been  made  to  explain  the  phenomena 
of  Light  ?     To  what  objections  are  they  respectively  liable  ? 

2.  Assuming  that  rays  of  light  may  be  represented  by  straight 
lines,  what  is  meant  by  the  divergence  of  a  pencil  of  rays  ? 

5.  Investigate  the  ordinary  simple  formula  for  reflexion  at  a 
spherical  surface,  and  show  that  its  import  is :  that  the  divergence 
destroyed,  and  the  convergence  produced,  constitute  together  a  given 
quantity  of  effect. 

4.  Exhibit  the  aberration  of  a  spherical  mirror  for  parallel  rays, 
and  show  that  it  is  nearly  equal  to  half  the  distance  of  the  point 
where  the  reflexion  takes  place  from  a  plane  touching  the  sux&ce  at 
the  place  of  direct  incidence. 

$•  t'rove  that  two  successive  reflexions,  at  plane  mirrors  indined 
to  each  other,  produce  a  deviation  double  of  the  angle  of  inclination 
of  the  mirrors. 

6.  Determine  the  greatest  possible  number  of  reflexions  that  a 
pencil  can  suffer  at  two  plane  surfaces  inclined  to  each  other  at  a 
given  angle. 

7.  Explain  the  law  of  ordinary  refraction. 

8.  Investigate  the  formula  for  direct  refraction  at  a  spherical 
surface. 


first  without  its  last  term  (explaining  its  import) :  and  secondly  with 
the  last  term. 

9.  Investigate  the  ordinary  formula  for  a  double  convex  lens. 

10.  Find  the  aberration  of  a  double  convex  lens,  and  show  that 
for  parallel  rays  it  is  least  when  the  radii  are  to  one  another  as  1  :  6. 

11.  Explain  what  is  meant  by  the  primary  and  secondary  planes 
in  the  case  of  an  oblique  pencil,  and  find  the  places  of  the  lines  of 
convergence  in  oblique  reflexion  at  a  spherical  minor. 
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12.  ''The  best  form  for  the  ground^  or  bottom,  of  a  camera 
obscura,  is  that  of  a  sphere  of  which  the  radius  is  three  eighths  of 
the  focal  distance,  when  a  double  convex  lens  of  crown  glass  is 
employed."  Dr.  Young's  Lectures,  Vol.  I.  p.  425.  Demonstrate 
this  proposition,  and  explain  Professor  Airy's  construction  by  which 
a  perfectly  distinct  image  is  produced. 

13*  Explain  the  confitruction  of  the  astnmomical  telescope,  with 
the  positive  and  negative  eye-pieces.  Why  does  the  latter  give  the 
Moon  a  spherical  appearance  ? 

14<.  The  focal  length  of  the  object-glass  being  given,  and  the 
eye-piece  being  a  single  lens,  show  upon  what  depend:  (1)  the 
magnifying  power,  (2)  the  field  of  view,  (3)  the  quantity  of  li|^t 
concentrated  in  each  point  of  the  image. 

15.  The  focal  lengths  of  the  lenses  in  a  four-glass  eye-piece 
are  5,  4,  4,  and  S  inches  respectively,  and  the  intervals  between 
them,  reckoning  fVom  the  object-glass,  4,  6,  and  5^.  Required  the 
focal  length  of  the  equivalent  single  lens. 

16*  Account  for  the  laws  of  reflexion  and  redaction  of  parallel 
fajs  of  light  on  the  theory  of  Undulations. 

17.  Explain  the  phaenomenon  of  the  black  stripes  produced  by 
the  union  of  two  streams  of  light  in  Fraunhofer's  eiq^ierifflents. 

18.  Prove  that  a  small  object  can  be  seen  distinctly  through  • 
prism  only  when  each  pencil  makes  nearly  equal  angles  with  the 
surfaces  at  incidence  and  emergence,  and  that  it  then  appears  partly 
magnified  and  partly  contracted  in  one  dimension,  but  not  in  the 
tonmsrerse  one* 


TRINITY  COLLEGE,  May  1830. 

1 .  Defink  a  ratf,  and  a  pencil  of  rays,  and  show  that  the  theoiy 
of  Undulations  necessarily  allows  of  the  same  mode  of  representing 
these,  as  that  of  Emanation,  in  all  questions  relating  to  reflexion  and 
refraction. 

2.  A  pencO  of  parallel  rays  falls  directly  on  a  concave  spherical 
mirror :  required  its  fortn  after  reflexion. 

3.  A  pencil  of  rays  falls  obliquely  but  oentrically  on  a  concave 
mirror :  explain  the  positioos  of  the  primary  and  Hcondarp  planer 


Digitized  by  VjOOQIC 


Coll.  liSOO  IN  orrici.  110 

and  dttaroiiiM  ih»  poiata  at  whiok  the  rtjl  in  those  pluM  are  col- 
lected« 

4w  Determine  the  form  and  poftitkm  of  a  reflecibg  turfiM^  which 
riiall  collect  aocuratel^r  to  one  pointy  rays  which  hare  proceeded  ftma 
a  given  point. 

5.  A  rtrj  dijrtant  point  ii  seen  hj  rays  suCcettively  reBeeted  hj 
two  plane  mlmn  given  in  position :  required  the  angle  of  deriatioa 
hetween  its  real  and  apparent  directions. 

6.  Prove  ^t  the  deviation  caused  by  a  prism  of  a  small  refraeU 
ingan^e  is  nearly  expressed  hf  {pt^l)t,  where  i  is  the  refiaoting 
angle^  but  that  It  is  in  all  cases  greater  than  this  quantity. 

7.  The  radii  of  the  surfaces  of  a  double  convex  lens  being  repre- 
sented by  r  and  s,  determine  the  principal  focal  length. 

8.  Determine  (he  lens  of  least  aberration  for  parallel  rays. 

9.  Prove  that  the  divergence  of  a  pencil  of  laya  is  diminished^  in 
its  passage  directly  through  a  convex  lens^  by  a  quantity  depending 
only  on  the  curvatures  of  the  surfaces^  and  the  refracting  power  of 
the  substance* 

10*    Assuming 

detcimine  the  ibna  of  a  lens  whidi  shall  pvoduce  a  diattact  image 
of  a  distant  object  ef  Im^  exteat*  the  peneils  being  defined  by  a 
diaphragm  placed  behind  the  lens  ai  one-sixth  of  the  foeal  Lmglh 
from  it. 

11.  Find  the  principal  focal  length  of  a  spben^  aadtheabetiiatfaMi 
for  parallel  rays. 

18.  DaSenainethefteaioftheiaiagspiodooedbyafTfaerejWlth 
eencrieal  pencils^  the  sotfaee  of  the  object  being  plane. 

19.  Explain  what  is  meant  by  irrationality,  Aeduomatic  db« 
persion. 

14.  Explain  the  construction  of  the  Opera^glass. 

15.  Hie  teal  lengUi  of  the  object-glaas  of  an  Astronomical  Tele- 
aoope,  is  S  ftet ;  the  eye-pieoe  consisli  of  two  lenses  of  focal  lengliis 
l|  iadisadi  inch:  determine  the  portion  of  these  when  die  histru* 
ment  is  in  full  adjustment. 
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16.  Explain  the  principle  of  the  simple  Microscope^  shewing  on 
what  depend  the  magnifying  power^  and  field  of  view. 

17.  The  focal  4ength  of  the  iield-glass  of  a  Microscope  is  I  inch^ 
that  of  the  eye-glass  ^  inch :  the  distance  of  the  field-glass  from  the 
centre  of  the  object-glass  is  2  inches :  determine  the  interval  between 
the  lenses  when  the  vision  is  achromatic^  and  shew  that  the  bending 
of  the  pencil  is  equally  divided  between  the  two  lenses. 

1 8.  Explain  the  construction  of  the.  Camera  Obscura.  Shew  how 
the  result  obtained  in  the  answer  to  Question  10  may  be  applied, 
combining  the  refractions  with  internal  reflection,  as  in  Chevalier's 
"  Chambre  obscure  a  prisme  menisque." 

19.  Account  for  the  law  of  refraction  on  the  hypothesis  of  Undu- 
lations. 

20.  Explain  the  phenomenon  of  the  dark  bands  produced  by  the 
united  effects  of  two  streams  of  light  in  directions  nearly  coinciding. 


St.  JOHN'S  COLLEGE,  Dec.  1820. 

1.  Define  the  terms  geometrical  focus  and  principal  focus ;  and 
find  the  focal  length  of  a  sphere  placed  in  a  denser  medium. 

2.  Two  lights  whose  intensities  are  as  a  :  &  are  placed  in  the  foci 
of  a  given  ellipse.  Find  the  point  where  the  least  light  is  received; 
and  shew,  that  if  from  any  point  a  normal  be  drawn,  proportional 
quantities  of  light  are  received  at  its  extremities. 

S.  Explain  the  formation  of  the  primary  rainbow,  and  why  it 
cannot  be  greater  than  a  semicircle. 

4*.  If  R  and  r  be  the  radii  of  the  surfaces  of  a  glass  lens,  whose 
thickness  is  inconsiderable,  and  which  is  connected  with  another  thin 
glass  lens,  the  radii  of  whose  surfaces  are  R  and  /,  prove  that  the 
focal  length  of  the  compound  lens  may  be  found  from  the  equation 

1  _       /Rtr  +  jy^f^X 

focal  length  "  ^  \   Rr     "^     Rt^  J 

5.  Having  given  the  radii  of  a  thin  double  concave  lens,  upon 
which  parallel  rays  are  incident,  find  the  radii  of  an  isosceles  double 
convex  lens  which  compounded  with  the  former  shall  refract  the 
rays  parallel. 
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6.  If  an  olgect  be  placed  between  two  parallel  plane  reflectors, 
which  are  moved  parallel  to  themselves,  their  distance  remaining  con- 
stant, shew  that  the  images  formed  by  an  #ven  number  of  reflections 
will  remain  stationary,  and  that  the  other  images  will  move  in  the 
same  direction  as  the  reflectors,  and  with  twice  their  velocity. 

?•  Construct  a  Gregorian  telescope,  and  determine  the  field  oT 
view. 

8.  ABCDEF  is  a  regular  hexagon  inscribed  in  a  circle  whose 
centre  is  G :  GA,  GB  are  two  plane  reflectors,  AB  is  an  object 
placed  between  them.  Prove  that  the  images  cf  jiB  will  form  the 
remaind»  of  the  hexagon;  and  shew  whether  an  eye  placed  between 
the  two  reflectors,  sees  one,  or  both,  or  part  of  each  of  the  two  images 
which  coincide  in  DE> 

9.  If  an  object  be  placed  before  a  double  convex  lens,  find  the 
position  of  the  eye  that  the  object  may  always  appear  of  the  same 
magnitude  wherever  it  is  placed. 

10.  A  stick  of  given  length  (Z)  is  placed  within  a  polished  hemi- 
sphere of  given  radius  (r).  Find  the  dimensions  of  the  image ;  and 
shew  that  it  will  be  an  ellipse,  hyperbola,  or  parabola,  according  as 

-  is  less,  greater,  or  equal  to  >/3. 

11.  In  a  parabolic  reflector,  a  ray  of  light  diverges  from  a  point 
Q  in  the  axis,  and  is  reflected  at  P  so  as  to  cut  the  axis  in  q.  Shew 
that  the  distance  between  q  and  the  geometrical  focus 


=^H^^-0- 


12.  The  reflecting  curve  is  an  arc  of  60®  and  the  focus  of  inci- 
dent rays  at  one  extremity.  Find  the  length  of  the  caustic,  trisect  it 
geometrically,  and  compare  the  densities  at  the  points  of  trisection. 


St.  JOHN'S  COLLEGE,  Dec.  1824. 

1.  RfiQUiRBD  the  least  breadth  of  a  vertical  plane  mirror,  in 
which  a  man  six  feet  in  height  may  see  his  own  image  complete ; 
and  its  height  from  the  ground,  supposing  his  eye  to  be  four  inches 
below  the  crown  of  his  head^ 
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S.  A  ray  cf  light  ctnnot  pMt  out  of  a  densdr  into  a  rarer  me- 
diuiUf  whaa  the  aa^o  of  incidonoe  exoeedi  a  certain  limit  whan 
•in.  inc* :  dn.  ref. :  (  1  :  €. 

3.  S  and  H  are  fixed  points ;  ^  tBj  SP  proceeding  from  S,  is 
reflected  to  tf  by  a  plane  mirror  AP  moveable  above  a  given  point 
A  in  die  line  SH  produced ;  required  the  curve,  which  is  the  locus 
of  P. 

if.  Given  the  distance  (a),  to  which  a  shorb^sighted  person  can 
see  distinctly ;  find  at  what  distance  from  hjs  eye  a  concave  lens  of 
given  focal  length  (if),  must  be  placed,  to  enable  him  to  see  an 
object  Q  at  a  distance  (6) ;  and  explain  what  is  to  be  understood  by 
that  result,  which  places  the  lens  beyond  Q. 

5.  The  whole  circumference  of  a  given  circle  is  luminous,  except 
a  very  small  arc,  which  reflects  the  light  from  the  vertical.  Re- 
quired the  form  of  the  caustic. 

6.  Sin.  inc.  ;  sin.  refi  ; :  f n  :  1;  rays  diveiging  from  a  given  point 
Q,  enter  nearly  perpendicularly  into  a  sphere,  the  opposite  surface  of 
which  is  quick-eilvered.  Find  the  geometrical  focus  of  emergent 
rays. 

7.  The  image  of  a  straight  line  formed  by  a  single  spherical 
refivcting  sutfaoe  is  a  conic  section ;  'shew  that  if  the  line  be  placed 
within  a  sphere  of  glassi  the  image  must  be  an  hyperbola.  And 
explain  how  we  may  suppose  it  to  be  completed. 

8.  If  Q  be  the  focus  of  rays  incident  on  a  spherical  refracting 
surface,  and  Q^  the  focus  of  incident  ra3rs  coming  in  the  contrary 
direction,  such  that  Q  and  €t  have  the  same  conjugate  focus,  re- 
quired a  maximum  and  minimum  value  of  Q  Qf. 

9.  There  is  a  small  aperture  of  the  shape  of  an  isosceles  double 
convex  lens  of  inconsiderable  thickness,  in  the  centre  of  a  glass 
«phere ;  if  this  aperture  be  filled  with  a  given  substance^  find  the 
focal  length  of  the  sphere  in  air.     Supposing  m  and  m'  to  be  the 

values  of  -r^ — -  out  of  air  into  glass,  and  the  interior  substance 
sin.  ref. 

respectively* 

10.  If  parallel  nys  be  incident  in  a  curve  in  a  direction  perpen- 
dkalar  to  the  axis  of  «;  prove  that  the  eo-oi4inates  j/,  y^  to  Uie 
point  where  the  reflected  ray  meets  the  (Mud^  are  deMflMaed  by  die 
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•quatums  a^  —  «=-^,y-y*— |-.  where  P^^R^^' 
and  hence  shew  that  the  caustic  to  the  logarithmic  curre 

«aEBa.hyp«log* -» 
is  the  common  catenary. 

1 1.  Find  the  longitudinal  aherration  when  a  pencil  of  parallel 
faya  is  incident  on  a  i|iherical  refraotittg  surface ;  and  if  (0)  be  the 

angle  at  which  the  extreme  ray  is  inddent^  and  .  '  ^.  «  m,  shew 
that  the  lateral  aberration  ss  rad.  sin.  A  vers,  -  nearly. 

12.  Construct  Cassegrain's  telescope^  and  find  its  field  of  view> 
also  compare  its  magnifying  power  with  that  of  a  Newtonian  tele- 
scope^ having  the  same  eye-glass^  and  large  reflector. 


St.  JOHN'S  COLLEGE,  May  1826. 

1.  Explain  the  construction  of  the  single  microscope,  and  find 
its  magnifying  power. 

t.  At  what  point  in  the  axis  of  an  allipttcal  reflector  must.Q  be 
pkoad  that  q  may  be  at  the  extremity  of  the  axis  major. 

S.  A  glass  sphere  is  divided  into  3  parts  by  two  parallel  planes 
which  trisect  its  diameter  at  right  angles.  The  glass  between  the 
pknes  is  removed,  and  its  place  supplied  by  water.  Fmd  the  distance 
lietween  the  images  of  two  objects  placed  in  the  centre,  and  at  the 
extremity  of  the  diameter. 

4.  Q  is  an  object  placed  between  two  inclined  plane  reflectors. 
Find  ^  loeua  of  an  eye  such  that  the  padi  of  the  ray  (fhmi  Q  to 
the  eye)  by  which  tiie  nth  image  of  one  side  of  Q  is  seen  may  be  of 
the  same  length  as  that  by  which  the  nth  image  of  the  other  side  of 
Q  IB  seen. 

5.  Of  how  many  degteea  mnst  a  polished  cinmlar  uc  he,  that 
the  image  of  its  tangent  may  be  a  quadrant  of  an  eUipse  f 
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6.  A  straight  line  is  inclined  at  a  given  angle  to  th^  side  of  a 
glass  prism  whose  vertical,  angle  is  known.  Find  the  nature  and 
position  of  the  image.  ^ 

7*  If  a  Gregorian  telescope  be  adjusted  to  the  eye  of  a  short* 
Sighted  person^  and  the  eye  be  farther  from  the  lens  than  the  prin- 
cipal focusy  what  change  is  produced  in  the  visual  angle^  and  in  the 
position  of  the  image  on  the  retina  ? 

8.  Find  the  thickness  of  a  plane  glass  mirror  that  the  distance 
of  the  image  from  the  first  surface  may  be  twice  as  great  as  in  a 
mirror  of  inconsiderable  thickness. 

9.  Investigate  the  nature  of  the  reflector  that  parallel  rays  inci- 
dent upon  it  in  the  same  plane  may  be  reflected  parallel. 

10.  When  diverging  rays  are  refracted  by  a  medium  contained 
by  parallel  plane  surfaces^  the  aberration  is  less  than  when  they  are 
refracted  by  a  single  surface. 

11.  Find  the  form  of  the  surface  of  a  medium  such  that  rays 
proceeding  from  a  point  without  it  may  be  refracted  accurately  to  a 
given  point  within  it. 


St.  JOHN'S  COLLEGE,  May  1827. 

1.  If  a  man  6  feet  high  be  placed  before  a  vertical  mirror  nearly 
his  own  height>  at  a  distance  of  4*  feet,  required  how  much  of  his 
person  will  be  illuminated  by  a  lamp  behind  him,  12  feet  from  the 
mirror  and  1 1  feet  from  the  ground ;  and  find  his  position  when  his 
feet  are  just  illuminated. 

2.  A  ray  of  light  suffers  as  much  deviation  in  passing  through 
one  medium  contained  by  parallel  plane  surface  into  another,  as  in 
passing  immediately  into  the  latter  medium. 

3.  Given  the  focal  length  of  a  lens,  which  will  just  enable  a 
short-sighted  person  to  receive  parallel  rays,  to  determine  the  focal 
length  of  one,  which  will  enable  him  to  see  to  any  given  distance* 

4.  Rays  tending  to  form  an  image  at  the  point  where  the  eye 
«   is  placed,  are  received  upon  a  concave  lens,  required  to  prove  that 

the  visual  angle  varies  inversely  as  the  square  of  the  distance  of  the 
lens  from  the  eye. 
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5.  Given  the  focal  length  of  a  glass  lens  in  air,  find  another, 
which,  being  compound  with  it,  and  the  whole  placed  in  water,  the 
focal  length  shall  equal  that  of  the  first  in  air. 

6.  When  rays  are  incident  parallel  to  the  axis  of  a  cycloid,  to 
determine  the  form  of  the  caustic  and  the  law  of  the  density, 

7.  Rays  diverge  from  a  point  in  the  axis  of  double  convex  lens 
whose  thickness  equals  one  of  its  radii.  Required  the  geometrical 
focus  of  refincted  rays* 

8.  The  image  of  a  straight  line  perpendicular  to  the  axis  of  a 
concave  spherical  reflector,  and  passing  through  its  centre  as  seen 
by  an  eye  placed  in  the  axis  at  such  a  distance  that  all  lines  drawn 
to  it  firom  the  reflector  may  be  considered  parallel,  is  determined  by 
the  equation 

Investigate  this,  and  trace  the  curve. 

9.  In  the  last  question,  find  in  what  part  of  the  reflector  the 
Jmage  of  the  diameter  is  formed.    And  explain  clearly  where  the 

eye  must  be  supposed  to  be  placed  when  the  image  of  a  straight  line 
formed  by  a  spherical  reflector  is  said  to  be  a  conic  section. 

IX).  An  homogeneous  pencil  of  parallel  rays  is  incident  on  a 
sphere  of  refracting  substance,  so  as  to  emerge  parallel  after  (p)  in« 
temal  reflections;  required  the  angle  between  the  incident  and 
emergent  pencils. 

1 1.  The  lunar  apertures  of  the  object  and  eye-glass  of  an  astro- 
nomical telescope  being  as  6  :  1,  and  their  focal  lengths  27  inches, 
and  I  inches  respectively,  required  the  focal  length  of  a  convex  lens 
to  be  placed  between  them  one  inch  from  the  eye-glass,  and  of  twice 
its  aperture,  that  the  field  of  view  may  be  doubled,  when  adapted  to 
common  eyes.  Also  determine  the  efiect  upon  the  magnifying  power 
of  the  telescope. 

12.  Compare  the  focal  lengths  of  two  lenses  of  different  given 
substances,  which  when  compounded  shall  cause  the  red  and  violet 
rays  of  a  pencil  to  converge  to  the  same  focus ;  and  shew  that  if  the 
spectrum  formed  by  nmilar  prisms  of  each  substance  were  divided 
exactly  in  the  same  proportion  by  the  different  colours,  the  compound 
lens  would  be  wholly  free  from  colour. 
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St.  JOHN'S  COLLEGE,  May  1828. 

L  Explain  by  what  contrivances  in  the  eye  objects  are  seen 
distinctly  at  different  distances  and  with  different  degrees  of  light. 

2.  Given  Q  the  focus  of  rays  incident  nearly  perpendicularly  on 
a  concave  reflecting  sphere ;  find  q  the  focus  after  two  reflections. 

3.  Fmd  by  experiment  the  principal  focus  of  a  lens^  or  spherical 
reflector. 

4.  Archimedes'  burning  mirror  is  supposed  to  have  been  formed 
by  small  planes  reflecting  the  Sun's  rays  to  the  same  point.  Find  the 
surface  they  all  touch,  and  explain  what  limits  its  effects. 

5.  Given  the  interior,  find  the  exterior  radius  of  a  meniscus  by 
which  a  person  who  can  see  distinctly  at  one  given  distance,  may  be 
enabled  to  see  distinctly  at  another,  and  explain  the-  advantage  of 
this  form  of  lens  for  spectaclei. 

6.  If  sin./ :  m,R  : :  ^S  :  2,  out  of  the  air  into  a  sphere,  find 
what  part  of  the  Sun's  rays  incident  on  the  sphere  are  tranmitfed. 

7«  Given  Q  the  focus  of  rays  incident  nearly  perpendicularly  on  a 
prism  AJCs  find  q  the  focus  of  refracted  rays,  and  also  the  curve 
described  by  q  if  the  prism  increase  in  thickness  by  the  revolution  of 
the  side  IC  round  /. 

8*  Conipare  the  magnifying  powers  of  a  sphere  and  a  plano- 
convex lens  of  the  same  radius,  and  shew  by  what  contrivance  the 
two  may  be  made  equal,  and  the  advantages  of  a  plano-convex  lens 
so  formed. 

9.  Given  the  diameters  and  focal  lengths  of  theobje^  and  eye* 
glass  in  the  Astronomical  telescope ;  find  the  area  of  the  bright  part 
of  the  field  of  view^  and  explain  the  use  of  the  stops  tod  additional 
gla9ies  usually  found  in  telescopes. 

10.  In  Cassegrain's  teleicope  the  spherical  aberrations  partly 
correct  each  other,  but  cannot  be  made  to  do  so  entirely. 

U.  If  the  disperrive  powers  of  two  media  are  as  S  ;  2,  find  the 
focal  lengths  of  two  lenses  which  will,  combined,  produce  an  achro* 
matic  lens  of  12  inches  focus. 

12.  Find  the  caustic  of  rays  diverging  from  a  luminous  point, 
and  reflected  by  a  plane  silvered  mirror. 
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St.  JOHN'S  COLLEGE,  June  182a 

L  Whxk  divezging  or  conyergiiig  rays  aie  mcidtnt  nearly  per** 
pendicularly  upon  a  spherical  reflector^  the  conjugate  fooi  lie  on  the 
same  side  of  the  principal  focus. 

2.  The  concavity  of  a  meniscus  of  glass  of  inconsiderable  thick- 
ness is  filled  with  water ;  the  radii  of  the  surfaces  are  5  and  6  inches  ; 
required  the  focal  length  of  the  compound  lens. 

S.  The  surfaces  of  a  concavo-convex  lens  of  inconsiderable  thick* 
ness  are  formed  by  the  revolution  of  an  ellipse  round  its  major  and 
minor  axes.  Given  the  focal  length  of  the  lens  and  the  axes  of  the 
eUipse*  determine  the  refracting  power  of  the  medium, 

4«  In  the  astronomical  telescope^  the  linear  magnitudes  of  the 
visible  area  and  the  bright  part  of  the  visible  area  are 

JD      D-'d        •    D+d      D 

where  D,  F  and  d,  f  exo  the  diameters  and  focal  lengths  of  the 
object  and  eye  glasses. 

5.  A  ray  of  light  parallel  to  the  axis  of  a  paraboloid  of  glass  after 
refraction  cuts  the  axis  in  a  given  point;  required  the  point  of 
incidence. 

6.  A  fire  is  placed  in  the  axis  of  a  eoncave  mirror^  which  reflects 
one-eighth  part  of  the  heat,  at  a  greater  distance  from  it  than  the 
principal  focus.  Where  must  a  small  object  be  placed  in  the  axis 
between  the  fire  and  its  geometrical  focus  that  it  may  be  the  least 
heated? 

7«  Two  lights  are  placed  in  the  opposite  extremities  of  the 
diameter  of  a  circle,  the  intensities  of  which  are  : :  4  :  3*  What 
part  of  the  curve  is  the  most  illuminated  ? 

8.  MHiat  spherical  reflectors  and  lenses  from  aberration  are  more 
powerful  in  the  centre  than  at  a  distance  from  it,  and  the  converse  ; 
and  how  are  the  eflbets  of  this  imperfection  paMially  oeunteraeted 
in  the  telescopes  of  Galileo  and  Caseegrain  } 
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9.  If  the  cosines  of  incidence  and  refraction  be  to  one  ano- 
ther II  ml  1»  the  surface,  which  will  refract  parallel  rays  accurately 

KT 

to  a  point  S,  is  formed  by  the  revolution  of  the  curve  r  =  a  — . 

round  an  axis  drawn  through  S  in  the  direction  of  the  incident  rays ; 
where  r  is  the  distance  of  any  point  from  S,  0  the  inclination  of  r  to 
the  axis,  and  a  an  arbitrary  value  of  r  when  0  ss  90^ 

10.  A  luminous  body  is  surrounded  by  a  medium  which  absorbs 
light  with  a  power  varying  inversely  as  the  distance  from  it.  At  the 
distances  1  and  r  the  intensities  of  light  are  i^  and  i" ;  prove  that  at 
the  distance  r  the  intensity  is  »'* .  r""*"' 

1 1.  Prove  that  thealtitudeof  the  primary  rainbow  =  *ii  —  2/— iS; 

for  red  rays.  What  is  the  corresponding  formula  for  the  secondary 
rainbow? 

12.  When  a  small  pencil  of  homogeneal  rays  falls  obliquefy  upon 
a  spherical  refractor,  in  a  plane  which  passes  through  its  centre,  having 
given  the  focus  of  incident  mys  and  the  angles  of  incidence  and 
refraction,  required  a  formula  to  determine  the  geometrical  focus 
of  refracted  rays. 


St.  JOHN'S  COLLEGE,  May  1830. 

1.  Compass  the  illuminations  of  a  horizontal  and  an  inclined 
plane,  the  sky  being  covered  with  clouds  of  uniform  brightness. 

2.  Having  given  the  breadth  of  a  man's  face,  and  the  distance 
between  his  eyes :  find  the  breadth  of  the  narrowest  plane  mirror  in 
which  he  can  see  the  whole  of  his  face. 

3.  Find  the  successive  images  of  a  point  placed  between  two  con- 
centric concave  reflectors,  of  equal  focal  length. 

4.  Find  the  nature  of  the  caustic,  when  the  reflecting  surface  is 
a  spheroid,  and  the  rays  are  incident  parallel  to  its  axis. 
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5.  Compare  the  real  and  apparent  diameters  of  the  bore  of  a 
barometer  tube. 

6.  When  a  ray  of  light  passes  in  any  direction  through  a  prism^ 
the  incident  and  emergent  rays  make  equal  angles  with  the  edge  of 
the  prism. 

7.  Find  the  angle  subtended  by  a  small  object  viewed  through 
a  lens  not  placed  dose  to  the  eye. 

8.  In  the  above  question  find  the  distance  of  the  object  from  the 
lens,  the  focal  length  of  the  lens  being  F^  its  distance  from  the  eye 
k,  and  the  distance  of  most  distinct  vision  c. 

9.  Find  the  radii  of  the  surfaces  of  a  lens  of  given  focal  length, 
when  the  longitudinal  aberration  for  parallel  rays  is  a  minimum,  the 
value  of /A  being  1-5. 

10.  When  a  pencil  of  homogeneal  rays  is  refracted  into  a  sphere 
in  such  a  manner  that  the  rays  emerge  parallel  after  two  internal 
reflections,  determine  the  ultimate  intersections  of  the  rays  in  the 
plane  of  incidence.  Determine  also  their  ultimate  intersection 
(after  the  first  refraction)  in  a  plane  perpendicular  to  the  plane  of 
incidence. 

1 1 .  When  a  beam  of  white  light  is  incident  on  a  prism  in  a  plane 
perpendicular  to  its  edge,  the  angle  through  which  the  emergent 
pencil  is  dispersed, 

s=  sin./ .  secant  f  ^  secant  4"  •  ^t^  nearly. 

12.  Describe  the  Magic  Lantern.  If  instead  of  having  one  lens 
between  the  picture  and  screen,  it  has  two  of  equal  focal  lengths  9c 
placed  at  the  distance  2c  from  each  other,  find  the  least  distance 
between  the  picture  and  screen. 

IS.  The  focal  lengths  of  the  object-glass,  field-glass,  and  eye-glass 
of  a  telescope,  are  60c,  Qc,  and  2c  respectively,  the  diameter  of  the 
object-glass  is  ^c,  that  of  the  eye-glass  is  c :  find  the  power  of  the 
telescope,  and  compute  roughly  the  diameter  of  the  field-glass  when 
just  large  enough  not  to  contract  the  field  of  view. 
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QUEEN'S  COLLEGE,  1824. 

1.  A  6IVBN  vertical  object  is  supposed  to  be  a  given  height  above 
an  horizontal  plane»  required  the  point  in  the  plane  from  which  the 
object  will  appear  to  have  the  greatest  magnitude. 

2.  Two  points  and  an  inde6nite  straight  line  placed  between 
them>  not  at  right  angles  to  a  line  joining  the  points^  being  given  in 
position ;  find  a  portion  of  the  line  such^  that  its  apparent  magnitude 
seen  from  one  of  the  points  may  be  double  of  the  apparent  magnitude 
seen  from  the  other. 

3.  If  a  plane  mirror  revolve  about  an  «xlk,  the  angular  motion 
of  the  image  of  any  object  is  double  of  the  angular  motion  of  the 
mirror.  • 

4.  A  radiant  point  and  the  position  of  the  eye  being  given^  both 
on  the  same  side  of  a  plane  mirror ;  if  the  mirror  be  supposed  to 
move  in  a  direction  perpendicular  to  its  own  plane,  required  the  loeui 
of  the  several  points  of  the  mirror  from  which  rays  are  reflected  to 
the  eye. 

5.  It  is  required  to  find  an  incident  ray  parallel  to  the  axis  of  a 
given  reflecting  circular  arc>  which  shall  be  reflected  so  fui  to  paw 
through  a  given  point  in  the  axis. 

6.  If  a  ray  parallel  to  the  axis  of  a  glass  sphere^  one  half  of 
which  is  covered  with  a  reflecting  substance,  fall  upon  the  refracting 
half  of  the  sphere ;  after  refraction  it  shall  be  reflected  to  a  point  in 
the  axis,  at  a  distance  from  the  reflecting  surface  nearly  equal  to 
one  sixth  part  of  the  sphere's  diameter. 

7.  Having  given  the  distance  of  an  image  fVom  a  double  concave 
len^  and  the  ratio  of  the  object  to  the  image ;  required  its  focal 
length. 

8.  How  many  radii  of  the  convex  surface  of  a  plane  convex  lens 
must  an  object  be  placed  from  it,  so  that  its  magnitude  may  be  (m) 
times  greater  than  that  of  its  inverted  image. 

9.  An  object  viewed  with  a  Gregorian  telescope  is  magnified  (m) 
times  the  focal  length  of  the  eye-glass  is  (a)  inches,  and  the  distance 
between  their  principal  foci  given ;  required  the  relation  of  the  focal 
lengths  of  the  two  reflectors. 


Digitized  by  VjOOQIC 


Coll.  Uf7.]  IN  OPTICS.  ISl 

]  0.  If  the  thickneas  of  two  microscopic  glasses  be  f  of  their  radii 
of  convexity^  and  these  be  in  the  ratio  of  10  to  S,  how  must  the 
glasses  be  disposed  in  a  doable  micn»oope»  to  that  an  object  8  inches 
distant  from  the  eye  may  be  magnified  1000  times. 

11.  When  parallel  rays  are  inoident  upon  a  ipherical  reflector^ 
ibow  that  the  radius  of  the  least  circle  of  abemtion  varies  directly 
as  die  cube  of  the  semi-aperture,  and  inversely,  as  the  square  of  the 
focal  length  of  the  reflector. 

13.  If  the  Sun  be  on  the  horixon^  what  is  the  altitude  of  an  hill 
from  the  top  of  which  a  rainbow  will  appear  to  be  perfectly  air* 
cular? 

13.  The  radiating  point  and  the  caustic  being  given,  show  that 
there  are  an  infinite  number  of  reflecting  curves  which  will  produce 
the  caustic. 


QUEEN'S  COLLEGE,  1627. 

1«  Place  an  object  before  a  double  convex  lenfli^  so  that  the  image 
may  be  double  of  the  object,  and  erect. 

2.  Determine  the  apparent  magnitude  of  a  straight  line,  placed 
at  a  given  depth,  parallel  to  the  surface  of  a  vessel  of  water,  the  eye 
being  situated  in  a  given  point  in  the  plane  passing  through  the  ob- 
ject perpendicular  to  the  surface. 

3.  Two  plane  reflectors  are  inclined  to  each  other  at  an  angle  of 
30° :  required  the  number  of  images  of  an  object  situated  between 
them. 

4.  When  the  reflecting  curve  is  a  cycloid,  and  the  rays  proceed 
parallel  to  the  axis>  find  the  caustic. 

5.  Find  the  magnifying  power  of  a  simple  microscope. 

6.  Explain  the  Camera  Ludda. 

7.  In  a  double  convex  lens,  find  the  position  of  the  oonjugatt 
foci  when  their  distance  from  each  other  is  a  minimum. 
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QUEEN'S  COLLEGE,  1828. 

1.  Thb  foci  of  incidence  and  refraction  of  rays  falling  nearly 
perpendicularly  on  a  concave  mirror  of  given  radius,  are  on  opposite 
sides  of  the  mirror,  and  the  focus  of  refraction  twice  as  far  from  it  as 
the  focus  of  incidence ,-  find  their  actual  distances. 

2.  A  pencil  of  parallel  rays  is  incident  nearly  perpendicularly  on 
a  plano-concave  lens  of  ^ven  thickness,  and  after  reflexion  at  the 
plane  side,  which  is  silvered,  is  again  refracted  out  of  the  lens ;  find 
the  focus  of  emergent  rays. 

3.  A  sphere  of  air  is  included  in  a  medium  of  glass  through  which 
parallel  rays  are  passing.  What  portion  of  the  rays  incident  on  the 
sphere  will  pass  through  it  ? 

4.  Find  the  nature,  length,  and  law  of  density  of  the  caustic  when 
the  reflecting  curve  is  a  circular  arc,  and  the  focus  of  incident  rays  is 
in  the  circumference. 

5.  Given  the  radius  of  the  arc  of  any  colour  in  the  primary  rain- 
bow :  find  the  refraction  when  rays  of  that  colour  pass  out  of  air  into 
water. 

6.  At  what  altitude  above  tbe  centre  of  a  circular  annulus  must 
a  luminous  point  be  placed,  that  the  quantity  of  light  on  the  annulus 
may  be  the  greatest  possible  ? 


QUEEN'S  COLLEGE,  May  1829. 

1.  Find  the  direction  of  a  ray  passing  through  a  given  point,  so 
that  after  being  reflected  at  two  plane  mirrors,  given  in  position,  it 
may  pass  through  the  same  point  again. 

2.  iiC  is  vertical,  CB  horizontal,  AB  a  straight  line  of  given 
length,  which  reflects  all  rays  incident  upon  it  from  a  luminous  point 
Q,  placed  at  a  given  distance  from  C  in  CB  produced.  Find  the  in« 
clination  of  j4B  that  half  the  rays  incident  upon  it  may,  after  reflec- 
tion, meet  C^  produced. 

3.  A  luminous  point  is  placed  in  the  axis  of  a  concave  minor  of 
one  foot  radius,  at  the  distance  of  three  feet  from  it :  to  what  point 
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are  the  rays  reflected?  also,  determine  the  ratio  of  the  initial  velo- 
cities of  the  foci  of  incidence  and  reflection  in  this  case. 

4.  A  luminous  point  is  placed  in  the  centre  of  gravity  of  a  right 
cone,  of  a  given  altitude  of  a  denser  medium ;  and  its  vertical  angle 
is  as  large  as  possible,  that  no  rays  incident  on  the  base  may  be  re« 
fleeted.     Required  the  content  of  the  cone. 

5.  Find  the  nature,  length,  and  variation  of  density,  of  the  caustic, 
when  the  reflecting  curve  is  a  circle,  and  the  focus  of  incidence  is  in 
the  circumference. 

6.  Find  the  focal  length  of  a  double  convex  lens  of  equal  radii 
and  inconsiderable  thickness :  and  then,  supposing  it  to  be  double  of 
either  radius,  determine  the  refractive  power  of  the  medium. 

7.  Construct  Newton's  telescope ;  shew  that  objects  appear  in* 
verted  through  it ;  find  the  field  of  view ;  and  trace  the  course  of  a 
pendl  of  rays  on  supposition  that  a  rectangular  prism  is  substituted 
for  the  plane  reflector. 

8.  A  luminous  point  is  in  the  middle  of  the  axis  of  a  hollow 
cylinder  of  given  length,  and  just  half  the  rays  diverging  from  it  fall 
on  the  interior  surface.  From  these  data,  compare  the  intensity  of 
the  light  at  the  edge,  with  that  in  the  middle  of  the  surface. 


QUEEN'S  COLLEGE,  May  1830. 

1.  A  LUMINOUS  point  is  placed  at  a  given  distance  in  the  peN 
pendicular  through  the  centre  of  a  given  square:  find  the  whole  light 
incident  on  the  square. 

2.  A  concave  spherical  reflecting  surface  is  filled  like  a  cup  with 
water ;  given  the  focus  of  rays  diverging  from  a  point  above  the 
surface  of  the  water,  to  find  the  focus  of  rays  Avhich  emerge  after 
having  suffered  two  refractions  and  one  reflection. 

S.  A  luminous  point  Q,  is  placed  at  four  feet  distance,  in  the  axis 
of  a  convex  mirror  of  one  foot  radius ;  find  the  focus  q  of  reflected 
rays :  also  find  the  ratio  of  their  initial  velocities,  supposing  Q  to  be 
put  in  motion. 

4.  A  pencil  of  rays  diverging  from  the  centre  of  a  sphere,  after 
refraction  at  its  surface,  diverge  from  the  opposite  extremity  of  the 
diameter;  required  the  refractive  index. 
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5.  A  tdesdope  ctosists  of  three  crnTei  leoaH,  whose  focal 
lengths  are  as  SO^  8,  and  1 ;  the  latter  two  being  at  the  distance  2  from 
each  other :  find  the  magnifying  power^  and  traoe  the  oourse  of  the 

6*  On  supposition  of  the  Sun's  light  being  homogeneous^  shew 
what  would  be  the  nature  and  width  of  the  primary  rainbow ;  and 
determine  from  obsetvations  made  on  such  a  bow^  the  refrangiUlity 
of  the  light  in  passing  out  of  air  into  water. 

7.  Prove  that  the  deviation  of  a  ray  which  passes  through  a 
prism  in  a  j^ne  perpendicular  to  its  axis  is  a  minimum  when  the  in* 
oident  and  emergent  rays  make  equal  angles  with  the  sides  of  the 
prism :  and  shew  that  there  could  be  no  such  minimum^  if  the  ungki 
of  incidence  and  refractioni  instead  of  their  ainet,  w^n  in  a  constant 
ratio. 


CORPUS  CHRISTI  COLLEGE,  1885. 

1.  What  are  the  two  principal  hypotheses  which  have  been 
formed  respecting  the  nature  of  Light?  How  has  it  been  found  that 
the  action  of  light  is  not  instantaneous?  What  are  the  three  laws 
on  which  the  theory  of  Optics  is  founded,  and  how  are  they  esta- 
blished by  experiment  ?  • 

2.  Q  and  q  are  the  conjugate  foci  of  a  small  pencil  of  parallel 
rays,  incident  nearly  perpendicularly  on  a  spherical  reflector,  F  is  the 

principal  focus,  Q£»g>  Eq^q',  EF^f;  shew  that  ->  =  '  +  -; 

H       J      ^ 
and  hence  prove  that  Q  and  q  lie  on  the  same  side  of  F,  that  they 
move  in  opposite  directions,  and  meet  at  the  centre  and  surface  of  the 
reflector. 

3.  Determine  the  aberration  in  reflection,  at  a  ^herical  surface* 
4*.     Parallel  rays  are  incident  on  a  parabola  in  a  direction  perpen* 

dicular  to  its  axis ;  find  the  equation  to  the  caustic  by  reflection,  and 
the  angle  at  which  it  cuts  the  axis  of  the  parabola. 

5.  PR  is  a  straight  line  placed  before  a  spherical  reflector,  and 
inclined  at  a  given  angle  to  £P.  Prove  that  its  image  is  a  conic 
section.  Determine  the  angle  p  which  the  axis-major  makes  with 
EP  at  E,  and  shew  that  the  image  is  an  arc  of  an  ellipse,  hyperbola. 
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or  pumbolay  oecoiding  as  EP  ooi  ^  ii  greater  than,  len  than^  or  equal 
to^  one  half  the  radius  of  the  reflector. 

6.  Determine  the  deTiation  of  a  my  of  light  refracted  through  a 
triangular  glass  prism,  and  shew  that  it  is  a  minimum>  when  the 
incident  and  emergent  rays  make  equal  angles  with  the  sides  of  the 
prism. 

7.  If  a  plane  reflector  turn  round  an  axis,  shew  that  the  angular 
motion  of  an  image  formed  hy  reflection,  is  douhle  that  of  the 
reflector. 

8.  A  and  ^f  are  the  distances  of  the  foci  of  incident  and  refraeted 

rays  from  the  surfiu^  of  a  spherical  refractor,  whose  radius  »  r, 

shew  that 

1 _w-l         1 

A'  mr  mA 

the  direction  of  incidence  being  nearly  perpendicular  to  the  surface, 
and  deduce  the  ralues  of  ^'  for  rays  incident  on  the  concave  and  con- 
vex surfaces,  both  of  a  rarer  and  a  denser  medium. 

9.  ABab  is  a  sphere  whose  radius  ss  r,  Bcb  is  a  spherical  surface 
whose  radius  s=  /,  BAhc  is  glass,  and  Babe  any  other  substance 
whose  reftactbg  power  is  given ;  if  Qi<  be  a  ray  of  light  refracted 
through  the  sphere,  flnd  the  geometrical  focus  of  refifaceed  rays. 

10.  Find  the  aberration  in  a  lens  whose  thickness  is  incon- 
siderable. 

11.  If  1  +  r,  1  -f  t%  be  the  ratio  of  refraction  for  red  and  violet 
rays  respectively,  in  a  lens  whose  aperture  =  «,  shew  that  the  dia- 
meter of  the  least  circle  of  chromatic  aberration  s=s  — —  • «. 

V  +  r 

12.  AB  is  a  lens  whose  focal  length  =s  a ;  suppose  that  a  short- 
sighted person,  unable  to  see  distinctly  objects  beyond  distance  a,  is 

also  unable  to  see  those  within  the  distance  - ;  find  the  least  value 

m 

of  A,  for  which  the  above  lens  will  be  of  use. 

1S«  Constmet  the  Gregorian  tekspope,  and  find  its  magnifying 
power. 

14p.  Given  the  distance  at  which  a  short-sighted  person  cati  see 
distinotlyi  fiad  the  distanoe  between  a  given  objeet-glas^  and  a  given 
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eje-ghn  in  the  astronomical  telescope^  when  adapted  to  such  an  eye, 
and  to  distant  objects. 

15.  Determine  the  focus  of  a  thin  pencil  of  rays^  after  being  re- 
firacted  obliquely  at  a  curve  surface ;  and  shew  that  if  the  sur&oe  be 
plane^ 

t, :«::  ^  :  i!21,  where  QP  =  ii,Pg  =  t;; 

^  s=  angle  of  incidence,  and  f  =  angle  of  refraction. 

16.  The  colours  of  the  secondary  rainbow  occur  in  the  inverse 
order  of  those  in  the  primary. 

17.  Find  the  altitude  of  the  highest  point  of  the  rainbow  above 
the  horizon,  and  the  breadth  of  the  colours. 


CORPUS  CHRISTI  COLLEGE,  Junb  1829. 

1.  Explain  the  properties  of  light  upon  which  the  laws  of 
Optics  depend.  State  how  and  by  whom  it  was  discovered  that  the 
propagation  of  light  is  not  instantaneous,  and  describe  accurately  the 
experiment  by  which  Newton  determined  that  it  was  composed  of 
rays  differing  in  refmngibility  and  colour. 

2.  An  object  is  placed  between  two  plane  mirrors  not  paralleL 
Find  the  number  of  images  which  will  be  formed  of  it  by  successive 
reflections,  and  apply  the  principle  to  explain  the  construction  of  the 
Kaleidoscope. 

3.  If  a  pencil  of  divergent  rays  be  received  upon  any  curved 

reflector  at  a  distance  u  from  its  focus,  the  distance  t;  of  their  inter- 

I        1       4 
section  after  reflection  will  be  found  from  the  equation  — (-  -  s  -» 

^  u    '   V       c 

c  being  the  chord  of  curvature  passing  through  the  focus  of  incident 

rays. 

4.  Determine  the  caustic  by  reflection  at  a  spherieal  surface  after 
two  reflections  of  the  incident  rays,  the  luminous  point  being  in  any 
part  of  the  surface. 

5.  Give  a  practical  method  of  determining  the  refractive  power 
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•of  any  substance^  solid  or  fluid ;  and  find  the  angle  at  which  a  ray 
must  be  incident  upon  a  prism  so  that  the  deviation  in  passing 
through  the  prism  may  be  a  minimum^  the  whole  course  of  the  ray 
being  in  a  plane  perpendicular  to  the  axis  of  the  prism. 

6.  Find  the  geometrical  focus  of  rays  after  refraction  at  a 
spherical  surface  of  a  refracting  medium :  and  determine  that  focus 
of  incidence  which  will  have  its  geometrical  focus  of  refracted  rays 
at  the  least  distance  from  it :  also  that  focus  of  incidence  for  which 
there  will  be  no  aberration. 

7.  Find  the  principal  focus  of  a  sphere>  and  apply  the  expression 
to  the  case  of  a  sphere  of  glass  placed  in  a  medium  of  water^  the 
luminous  point  being  within  the  medium. 

8.  Define  the  centre  and  focal  centres  of  a  lens^  and  determine 
the  latter  for  the  meniscus. 

9.  Parallel  rays  are  incident  upon  a  double  convex  lens  of  which 
the  second  surface  is  silvered;  the  radii  of  the  lens  are  5  and  7  inches 
respectively,  and  the  index  of  refraction  245.  Find  the  focus  of 
emergent  rays. 

10.  Determine  the  spherical  aberration  of  a  lens,  and  shew  that 
it  varies  as  the  square  of  the  radius  of  the  aperture. 

11.  Explain  fully  the  construction  of  ike  human  eye,  and  shew 
to  what  optical  instrument  it  is  very  nearly  analogous. 

12.  Determine  the  diameter  of  the  least  circle  of  chromatic 
aberration. 

13.  Define  dispersive  power,  and  construct  an  achromatic  prism. 

14.  Prove  that  rays  which  after  reflection  or  refraction  tend  to 
form  an  image,  may  be  refracted  to  the  eye  by  a  double  concave 
lens,  so  as  to  form  a  distinct  image  on  the  retina :  and  determine 
the  variation  of  the  visual  angle  in  this  lens. 

15.  Construct  and  explain  Cassegrain's  telescope,  find  its  mag* 
nifying  power,  and  define  the  boundaries  of  the  field  of  view :  shew 
also  the  advantages  of  this  telescope  over  that  of  Gregory. 

16.  When  contiguous  parallel  rays  fall  upon  a  spherical  drop  of 
water  and  emerge  parallel  after  any  number  of  reflections,  find  the 
angle  between  the  incident  and  emergent  rays.    Explain  the  format 
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tkm  of  the  xftinbowi  and  the  eauie  of  tbe  inverted  ocder  of  tli« 
colours  in  the  pnmarj  and  seoonder/  bowsy  and  determine  the 
breadth  of  them. 

17.  Find  die  form  of  the  iurface  of  a  medium  which  will  refract 
rajt  direiging  from  a  point  without  it  aocuratelj  to  a  ^oint  within 
itself. 

1  d»  The  caustic  formed  by  rays  after  refraction  at  a  plane  tiefraci- 
ing  surface  is  the  evolute  to  the  ellipse  or  hyperbole^  according  as 
the  medium  is  denser  or  rarer. 
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TRINITY  COLLEGE,  1820. 

1.  ExpLAiK  hj  short  examples,  the  method  of  exhaustions,  of 
indivisibles,  and  of  prime  and  ultimate  ratios. 

2.  Prove  that  if  a  radius  vector  be  drawn  bbecting  any  aic,  it 
must  ultimately  bisect  the  chord, 

S.  If  a  straight  line  EDA  make  with  the  curve  CBA  a  given 
angle  at  the  point  A,  and  the  ordinates  CE,  BD  be  drawn ;  the 
triangles  ACE,  ABD  are  ultimatelj  in  the  duplimite  ratio  of  the 


4.  Let  ilB  be  th«  subtense  of  the  arc,  AD  the  tangent,  BD  the 
subtense  of  the  angle  of  contact  perpendicular  to  the  tangent,  as  in 
the  11th  Lemma:  then  let  a  series  of  curves  be  drawn  in  which 
DB  a  AD*,  AD\  AD^,  &&,  the  angle  of  contact  in  each  succeeding 
case  wOl  be  infinitely  less  than  in  the  preceding. 

5.  If  the  areas  described  by  the  radius  vector  are  not  propor- 
tional to  the  times,  the  revolving  body  is  not  acted  on  solely  by  a 
force  towards  a  fixed  centre. 

6.  If  a  body  be  acted  on  by  a  given  force  and  revolve  ina  circle, 
the  arc  described  in  any  given  time  is  a  mean  proportional  between 
the  diameter  of  the  circle  and  the  space  through  which  a  body 
would  descend  in  the  same  time  from  rest  if  acted  on  by  the  same 
force. 

7.  The  velocity  at  any  point  of  a  curve  described  round  a  centre 
of  force  as  the  velocity  which  a  body,  acted  on  by  the  given  force  at 
that  point,  would  acquire  by  descending  through  4  part  of  the  chord 
of  curvature. 

8.  Given  the  fcwoe  of  gravity  ax  82  feet,  and  the  radius  of  the 
earth  SB  4000  miles;  deduce  a  numerical  comparison  between  the 
force  of  grayity  and  th«  osntiifiigal  foroe  at  the  equator. 


Digitized  by  VjOOQIC 


140  EXAMINATION  PAPBRs  [Trinity 

9.  If  a  heavy  body  be  whirled  round  in  a  vertical  plane,  and  the 
centrifugal  force  at  the  top  just  keep  the  string  extended ;  what  will 
be  the  tension  of  the  string  at  the  lowest  point  of  rotation  ? 

10.  In  any  orbit,  let  x  ss  dist  p  =  perpendicular  on  the  tangent : 

centripetal  force  a  -^*    Apply  this  expression  to  determine  the 

law  of  the  force  in  an  ellipse  round  the  centre,  and  in  a  circle  with 
the  centre  of  force  in  the  circumference. 

1 1 .  Deduce  expressions  for  the  chord  of  curvature  passing  through 
the  focus>  and  the  diameter  of  the  curvature  at  any  point  of  an 
ellipse. 

12.  All  parallelograms  described  about  any  conjugate  diameters 
of  a  given  ellipse  or  hyperbola  are  of  equal  area. 

IS.  Compare  the  centripetal  and  centrifugal  forces  at  any  point 
of  an  orbit ;  prove  that  in  an  ellipse  round  the  centre,  there  are  four 
points  where  these  forces  are  equal. 

14.  Prove  ^Newtofi,  Prop.  XI.]]  that 

GvxvP:  Q»« : :  CP* :  CD^. 

15.  The  perpendicular  from  the  focus  of  a  parabola  upon  the 
tangent  is  a  mean  proportional  between  the  focal  distances  of  the 
point  of  contact  and  the  vertex. 

16.  Prove  that  the 

1  " 
force  tending  to  the  focus  of  a  parabola  a  -jr^ 

17.  The  velocity  of  a  body  revolving  in  a  parabola  round  the 
focus  ss  the  velocity  of  a  body  revolving  in  a  circle  at  half  the 
distance. 

18.  If  two  bodies  revolve  in  an  ellipse  in  the  same  periodic  time ; 
one  about  the  focus,  and  the  other  about  the  centre ;  compare  the 
forces  towards  these  centres  at  the  extremities  of  the  major  axis, 
and  find  the  distance  from  the  centres  at  which  the  forces  are 
equal. 

19.  If  the  force  a  —and  a  body  be  projected  in  any  direction, 

except  directly  to  or  from  the  centre  of  force;  prove  that  it  wiU 
describe  a  conic  section,  and  point  out  the  relatbn  between  the 
velocity  of  projection  and  the  particular  curve  described. 
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TRINITY  COLLEGE,  1820. 

1.    (1).  Thb  centripetal  force  (F)  in  any  curve  =  Q«^j^»  (p) 

being  the  perpendicular  from  the  centre  of  force  on  the  tangent^ 
at  distance  (x)«    Determine  Q. 

(2).  Find  the  value  of  (F)  in  the  ellipse — the  force  tending 
to  the  centre. 

2*  If  a  body  be  acted  on  by  two  forces  tending  to  two  fixed 
centres,  it  will  describe,  about  the  straight  line  joining  those  centres, 
equal  solids  in  equal  times. 

3.  A  body  describes  a  parabola  about  a  centre  of  force  situated  in 
the  focus : 

(I).  Find  its  position  at  any  assigned  time. 
(2).  Criven  two  distances  from  the  focus,  and  the  difference  of 
anomalies.     Find  the  true  anomaly. 

4.  The  time  of  a  body's  descent,  in  a  right  line,  towards  a  given 
centre  of  force  varies  as   ,.        from  that  centre.   Required  the  law 

of  the  variation  of  the  force. 

5.  A  body  at  P  is  urged  by  an  uniformly-accelerating  force  in 
the  direction  PS,  and  at  the  same  time  is  impelled  in  the  opposite 

direction  by  a  force  varying  as  77 — r  from  S.    Find  its  velocity  at 

any  point  N. 

6.  In  the  bgarithmic  spiral  find  an  expression  for  the  time  of  a 
body's  descent  from  a  given  point  to  the  centre,  and  prove  that  the 
times  of  successive  revolutions  are  in  geometrical  progression. 

7.  A  body  acted  on  by  a  force  varying  as  jr. — r;  from  the  centre, 

is  projected  from  a  given  point,  in  a  given  direction,  and  with  a 
given  velocity. 

(1).  Find  the  equation  to  the  trajectory  described. 

(2).  Determine  in  what  cases  the  body  will  fall  into  the 
centre,  or  go  off  to  infinity. 
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8.    The  force  varying  &s  75:^7^  shew  under  what  reBtrictions  of 


2 

(dist.) 

the  velocity  of  projection^  the  body'fl  approach  towards  the  centre^ 
and  its  recess  towards  infinity,  will  be  limited  by  asynUoUc  circles. 

9.    The  di&rence  of  the  forces  by  which  a  body  may  be  made 
to  move  in  the  quiescent   and  in   the   moveable   orbit  varies  as 

rr. — TT  from  the  centre, 
(dist.)' 

10«    (1).  Deduce  the  equation  to  the  orbit  in  fixed  spaoe* 

(2).  Shew  that  when  any  one  of  Cotes's  three  last  spirals  is 
made  the  moveable  orbit^  the  orbit  in  fixed  space  will  be  one  of 
the  same  species. 

1 1.  Why  are  the  principles  of  the  9th  Section  inapplicable  to  the 
comflete  explanation  of  the  planetary  motions  ? 

12.  Make  a  body  oscillate  in  a  given  hypocydoid. 

13.  Given  the  position  of  a  body  on  a  rigid  logarithmic  spiral 

which  it  is  made  to  describe  by  a  force  varying  as  . ,.    .^  from  the 

pole^  find 

(1),  The  point  where  the  body  will  leave  the  spiraL 

(2).  The  time  of  arriving  at  that  point. 

(3).  The  elements  of  the  orbit  which  it  will  then  describe. 

14.  Demonstrate  the  66th  Proposition. 

15*    Find  expressions  for  the  disturbing  forces  on  P  when  at  a 
given  distance  from  quadratures. 

16.  If  <Sr  and  the  absolute  force  of  iS  be  changed^  the  periodic 

linear  erron  of  P  vary  as  >p   .  ,    ^  -^^.    [J^^*  66.  Cor.  14.] 

17.  Prove  that  the  mean  disturbing  force  on  the  moon  in  a  whole 
revolution  s=  —  )  the  mean  addititious  force. 

18.  When  the  force  varies  as  the  (dist.)^  shew  that  there  will  be 
no  disturbance. 

(I).  Had  this  law  pervaded  the  universe,  what  would  have 
been  the  consequence. 

(2).  On  what  circumstances  in  the  variaiumM  of  the  elements 
of  the  orbits  does  the  stability  of  the  ]ilanot«ry  system  depend  } 
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19.  S  is  the  centrfj  S4  the  radius  of  a  spb^xe,  wch  of  whose 

partides  has  an  attractive  force  varying  as  rp — r^>    Having  assumed 

in  SA  produced  any  point  P,  and  having  taken  SP  :  SA'.iSA:  SI, 
find  th^  ratio  of  the  attractions  which  the  wholf  sphere  werto  on 
equal  corpuscles  placed  at  P  and  /. 

20.  The  attractions  of  ellipsoids  upon  partides  placed  on  the 
surface  urging  them  in  directions  perpei^dicular  to  any  principal 
section  are  proportional  to  the  distances  of  the  particles  from  that 
section* 

Si.  Prove  that  a  shell  of  homc^neous  matter  contained  between 
two  concentric  spherical  surfaces^  will  attract  a  particle  plaeed  without 
it  in  the  same  manner  as  if  all  the  matter  were  collected  in  the 
centre^  in  the  following  cases : 

(1).  When  the  law  of  attraction  is  that  which  obtams  in 
nature. 

(8).  When  it  varies  as  the  distance. 

B 
(S).  When  it » ilor  +  -^  (x)  being  the  distance. 


TRINITY  COLLEGE,  182S. 

1.  Explain  the  mode  of  reasoning  by  which  Newton  determines 
the  ratios  of  quantities  which  vanish  together ;  and  prove  that  the 
ultimate  ratio  of  the  arc>  chord,  and  tangent  to  each  other  is  one  of 
equality. 

2.  A  body  revolves  in  a  semi-ellipse,  and  is  urged  by  a  force  acting 
in  lines  pcrpendiculaf  to  the  axis ;  find  the  law  of  force  [Schol.  to 
.Prop.  8.] 

S.    LeiP^  force  on  a  body  at  distance  r ;  m  «  - ;  v^  angle 

comprised  between  r,  and  a  fixed  line ;  <  s=5  time  of  motion ;  A  ^i  twice 
the  area  traversed  by  r  in  1'',  the  following  equations  will  obtain : 
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(2).  (velocity)*  =  A«(^*  +  ««). 

4.  The  angle  between  the  distance  and  peq>endicular  increases  or 
diminishes  according  as  the  velocity  in  the  curve  is  greater  or  less 
than  the  velocity  in  a  circle  at  the  same  distance. 

6»    Let  a  body  which  is  acted  on  by  a  given  force  varying  -=r- 

be  projected  from  a  given  point  in  a  direction  which  makes  with  the 
initial  distance  D  an  angle  =^  ^,  and  let  velocity  of  projection  =  n 
times  velocity  from  infinity, 

the  axis  major  of  orbit  described  ss  r •» 

•*  1  —  n* 

.      .  2nD.  sin.  J 

the  axis  minor =s  -777— r* 

V(I  — w«) 

6.  A  body  falls  down  the  vertical  axis  of  a  paraboloid  whose 
vertex  is  downwards;  in  what  point  of  its  descent  will  it  have 
acquired  a  velocity  sufficient  to  cause  it  to  describe  a  circle  along  the 
surface  of  the  paraboloid,  if  whirled  round  as  a  conical  pendulum. 

7*  The  perihelion  distance  of  a  Comet's  parabolic  orbit  is  a,  and 
the  radius  of  the  Earth's  orbit,  which  is  circular,  is  r.  The  time 
during  which  the  Comet  is  within  the  Earth's  orbit  is 


/2     $V(r-a)   ,   (r-a)^7 


where  u  =s  intensity  of  force  at  distance  unity. 
8.    If  a  body  be  projected  from  G  towards  a  centre  of  force  S, 

which  varies  as  jr^,  and  velocity  of  projection  =  n  times  velocity  in 

a  circle  at  same  distance,    n^  being  less  than  2;    the  time  of 
describing  GC 

where  D^SG,^  ASD  =  fl,  Z  ASG as  V.  [Newton,  Prop.  37.] 
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9.  A  body  may  be  made  to  describe  a  lemnucata  round  a  centre 
of  force  placed  in  the  nodus,   and  whose  intensity  at  distance  r 

=  — --',  wtiere  a  =  greatest  value  of  r. 

10.  A  body  acted  on  by  a  repulsive  force  which  varies  -=-« 

LP 

IB  projected  from  an  apse  with  a  velocity  which  is  less  than  that 
acquired  in  falling  from  an  infinite  distance;  construct  the  orbit. 
[Prop.  41,  Cor.  3.] 

11.  A  body  is  projected  in  such  a  manner  as  to  describe  a  reci« 

procal  spiral  whose  equation  is  d  s  - :    the  time  of  performing  the 


nth  revolution  = , 


•2(»-l)»^/M 

12.  Determine  the  point  of  ultimate  intersection  of  mn  and 
pC  [Prop.  44]. 

1 3.  Let  the  force  urging  a  body  consist  of  two  parts,  one  of 
which  varies  inversely  as  the  square,  and  the  other  inversely  as  the 
cube  of  the  distance ;  determine  the  orbit. 

14.  Explain  why  the  theory  of  the  ninth  section  cannot  be 
applied  to  determine  the  motion  of  the  apsides  of  the  lunar  orbit. 

1 5.  If  the  force  vary  as  the  distance,  determine  the  nature  and 
equation  of  the  orbit,  so  that  the  times  of  descent  from  different 
points  in  it  to  the  centre,  may  always  be  the  same. 

16.  A  body  acted  on  by  gravity  is  projected  along  the  interior 
surface  of  a  cylinder  whose  axis  is  vertical ;  define  its  motion. 

17.  Find  the  relative  motion  of  several  bodies  which  mutually 
attract  each  other  with  a  force  which  varies  as  the  distance. 

18.  The  lunar  months  are  longer  in  winter  than  in  summer: 
explain  fully  the  cause  of  this  phenomenon. 

19.  The  mean  motion  of  the  nodes  is  to  the  mean  motion  of  the 
apsides  in  a  given  ratio,  and  each  varies  as  ~^,  where  p  =  Ps  pe- 
riod round  T,  and  P  =s  Tb  round  S. 

20.  A  particle  of  matter  is  situated  in  the  axis  of  a  paraboloid 
consisting  of  equal  particles,  each  of  which  attracts  with  a  force 

L 
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proportioitftl  to  the  distance ;  fitid  the  fnagnitude  and  pofiition  of  a 
sphere  eoiiflhthii;  of  ftiidilit  partieles^  which  shall  exeit  eqoal  at^^ 
traction  on  it. 

21.  A  particle  of  matter  rests  any  where  on  the  surface  of  a 
sdlid  &t  fevdlttfkm,  which  levolret  rolitid  its  axis  in  a  given  time, 
and  is  attracted  towards  the  centre  with  a  force  which  is  as  some 
determinate  function  of  the  distance  from  it.  Find  the  form  of  the 
Solid  and  apply  the  result  to  the  case  when  the  force  varies  directly 
as  the  distance. 

%.  A  hody  acted  on  hy  the  uniform  force  of  gravity  moves  in  a  re- 
siding mtdittiii;  Ibereiislaiicetoiiefliatumin  any  point  of  which  the 

— •  d^yds    y   , 
co-ordinates  are  x,  y,  is  ■  .^ '       *%  (granty  s=  g),  and  shew  that 

this  result  coincides  with  that  of  NeWton>  Book  II.  Prop.  10. 


TRINITY  COLLEGE,  18«4. 

1.  Statb  the  method  of  reasoning  by  which  Newton  determines 
the  ratio  of  quantities  which  vanish  together.  What  oljection  has 
been  raised  against  the  principle^  and  how  does  Newton  answer  it } 
Shew  that  quantities  which  vanish  together  do  not  necessarily  vanish 
in  a  ratio  of  equality. 

2.  Define  similar  curves,  when  referred  to  a  point,  and  when 
referred  to  an  axis :  in  each  case  shew  that  the  corresponding  udes, 
curvilinear,  as  well  as  rectilinear,  are  proportionals;  and  that  the 
areas  are  in  the  duplicate  ratio  of  the  sides. 

3.  The  ultimate  ratio  of  the  arc,  chords  and  tangent  to  each 
other  is  one  of  equality. 

4.  Every  body  that  moves  in  any  curve  situated  in  a  plane,  and 
by  a  line  drawn  to  a  point,  either  at  rest,  or  moving  forward  with 
uniform  rectilinear  motion,  describes  about  it  areas  proportional  to 
the  time,  is  urged  by  a  centripetal  force  tending  to  that  point. 

5.  If  A  be  twiee  the  «rea  tiaversed  by  the  ladius  vector  in  X" ; 
prote  the  Mlowing  tKptessienS  s 
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2A« .  QR 


(1).        F  = 


(2).        ^-^Qpi.SY^ 
(3),        1^-^^ 

6.  Let  a  body  revolve  in  the  circumference  of  a  circle  round  a 
centre  of  force  which  is  not  the  centre  of  circle.  Find  the  law  of 
force. 

7.  In  the  preceding  proposition,  let  radius  of  circle  =  r ;  dis- 
tance of  centre  of  force  from  centre  of  circle  ==  a ;  and  let  the  dis- 
tance of  the  body  from  centre  of  force  at  commencement  of  motion 
equal  radius  of  circle.  The  time  elap<«ed  before  the  body  arrive  at 
its  kait  distanoe  from  the  centre  of  force 


where  t  is  an  arc  whose  sine  is    /(  ^  ^  j;;;)*  *"^  ^  ^  intensity'  of 
force  at  initial  distance  r. 

8.  The  periodic  times  in  all  ellipses  round  the  same  centre  are 
equal. 

9.  The  periodic  time  in  an  ellipse  round  the  focus 


— */• 


where  pk  =  intensity  of  force  at  distance  unity. 

10.  A  body  describes  an  equiangular  spiral  round  a  oentfe  of 
force  in  its  centre.     Find  the  law  of  foroe« 

11.  A  body  describing  a  circle  uniformly,  is  suddenly  impelled  in 
a  direction  making  any  acute  angle  with  the  radius ;  and  velocity 
before  impact  :  velocity  after  : :  s/2  :  ^3.  Find  the  change  pro- 
duced in  the  periodic  time. 

lat.  A  body,  acted  on  by  gravity  and  suspended  by  a  string*  has 
a  circular  motion  oommunieated  to  it.  Shew  that  the  time  of  revo* 
lution  is  indepeBdenk  of  the  length  of  the  string,  and  ^  sMse  for 
all  cones  of  the  same  altitude. 

L  2 
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TRINITY  COLLEGE,  1826. 

1.  If  SP  be  the  focal  distance  in  a  parabola^  and  PF  the 
absciBsa  cut  off  by  the  aemi-ordinate  QV;  QF^  =  ^SP .  PV. 

2.  All  parallelograms  formed  by  tangents  drawn  to  an  ellipse  at 
the  extremities  of  any  semi-conjugate  diameters  are  equal  to  each 
other. 

3.  The  diameters  which  bisect  the  lines  joining  the  extremities 
of  the  axes  of  an  ellipse  are  equal  and  conjugate. 

4.  Find  the  polar  equations  of  the  parabola,  and  ellipse ;  and 
also  of  the  latter  when  referred  to  the  centre. 

5.  The  semi-diameter  belonging  to  any  point  in  an  ellipse  of 

small  eccentricity,  is  nearly  equal  to  a  f  1 .  sm.'xj*  where 

X  is  the  angle  at  which  a  normal  to  that  point  cuts  the  major  axis. 

6.  The  ultimate  ratio  of  the  arc,  chord,  and  tangent  to  each  other 
is  one  of  equality. 

7.  The  evanescent  subtense  of  the  angle  of  contact  is  ultimately 
in  the  duplicate  ratio  of  the  subtense  of  the  conterminous  arc 

8.  State  the  nature  of  the  angles  of  contact,  to  which  the  reason- 
ing in  the  first  section  is  restricted ;  and  shew  whether  there  be  any 
such  limitation  introduced  in  proving  the  two  preceding  propositions. 

9.  If  F,  y^  be  the  forces  on  bodies  describing  similar  parts  of 
similar  figures  round  centres  similarly  situated  in  them,  and  2>,  d 
be  the  central  distances,  F,  v  the  velocities,  P,  p  the  times  of  describ- 
ing similar  parts  of  the  curves,  then  will 

'  '^"  D  '  d 

•  •  pi  •  pi 

10.  Shew  from  the  differential  equations  of  motion,  that  a 
revolving  body  attracted  by  a  force  tending  to  a  fixed  point,  will 
describe  round  it  areas  which  are  in  the  same  plane,  and  proportional 
to  the  time. 
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11.  A  body  moves  in  the  circumference  of  a  circle».and  is 
attracted  towards  a  fixed  point  situated  without  it ;  find  the  law  of 
force,  and  shew  through  what  portion  of  the  circumference  the  force 
must  be  repulsive. 

12.  A  body  revolves  in  the  circumference  of  a  circle  round  a 
centre  of  force  situated  at  a  distance  (a)  from  the  centre  of  the 
circle.     The  periodic  time 

where  ia  =  intensity  of  force  at  least  distance. 

IS.     The  periodic  time  in  an  eUipse  round  the  centre 

=  — ;->  where  u  =  force  at  dist.  b  1. 

14.  A  body  acted  on  by  a  force  which  varies  .^  *  is  pro- 
jected from  a  given  point,  in  a  given  direction,  with  a  given  velocity 
whose  square  is  less  than  twice  the  square  of  the  velocity  in  a  circle 
at  the  same  distance.     Find  the  orbit  described,  and  its  position. 

15.  If  r  be  the  time  of  a  comet's  passage  after  quitting 
perihelion  distance  (which  =  a)  through  an  angle  ss  9,  shew  that 


'=«*-/-(^-|  +  ^^-'|> 


16.  Sensible  gravity  at  the  equator  being  288  times  the  centri- 
fiigal  force,  shew  that  if  the  movement  of  the  Earth  round  its  axis 
were  17  times  what  it  is  actually,  bodies  at  the  equator  would 
cease  to  gravitate  to  the  Earth. 

TRINITY  COLLEGE,  1827. 

1.  Explain  and  illustrate  by  examples  the  terms  Prime  Ratio, 
and  Ultimate  Ratio. 

2.  Define  similar  curves  when  referred  to  an  axis ;  and  shew 
that  all  cycloids  are  similar  curves. 

3.  At  a  point  A,  a  straight  line  AD  meets  a  curve  AB.  Two 
paraUel  lines  BD,  hd  are  drawn  cutting  the  curve  in  B,  and  6,  and 
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t)ie  ftn^ght  line  in  D  and  d.  Find  the  ultimate  rati^  of  |he  aiwis 
ABD,  Ab4>  when  B  and  6  move  up  towards  Ay  (1),  when  ADi^ 
not  a  tangent  to  the  curve  at  A^  (2)  when  it  is. 

4.  The  path  of  a  hody  moving  about  a  fixed  centre  of  foree  if  in 
ojie  plane,  and  the  areas  contained  by  lines  drawn  from  the  body  to 
this  centre  are  proportiont^l  to  the  times. 

5.  A  body  moves  in  a  circle  acted  upon  by  a  force  tending  to  a 
point  without  the  circle.  Find  the  variation  of  the  force,  and  thence 
deduce  the  variation  of  the  force,  when  it  acts  in  parallel  lines. 

6.  The  periodic  times  in  all  ellipses  described  about  the  same 
centre  are  equal. 

7*     Find  the  law  of  force  tending  to  the  focus  of  the  hyperbola. 

8.  Admitting  the  periods  of  the  different  planets  to  be  in  a 
sesquiplicate  ratio  of  the  principal  axes  of  their  orbits,  shew  that  they 
are  attracted  towards  the  Sun  by  forces  reciprocally  proportional  to 
the  squares  of  their  several  distances  from  it. 

9.  In  any  conic  section,  the  centripetal  force  is  to  the  centrifugal 
as  the  distance  of  the  body  from  the  focus  to  half  the  latus  rectum. 

10.  A  body,  whirled  round  by  a  string,  just  describes  a  vertical 
circle,  whose  radius  is  the  string.  What  weight  must  the  string  be 
at  least  able  to  support,  in  order  to  retain  the  body  in  the  circle  ? 

TRINITY  COLLEGE,  May  1828. 

1.  EsLPLAlN  the  principles  of  Newton's  method  of  Limits;  and 
in  a  right-angled  triangle,  whose  altitude  is  constant  and  base 
variable,  fmd  the  ultimate  ratio  of  the  increment  of  the  base,  to  the 
corresponding  increment  of  the  hypotenuse. 

2.  What  is  meant  by  the  curvature  of  a  curve  ?  Show  that  the 
curvature  at  different  points  of  the  same  circle  is  the  same :  and 
explain  why  circles  are  taken  to  measure  the  curvature  of  all  curves. 

3.  Prove  Newton's  Ninth  Lemma. 

4.  A  body  moves  in  a  curve,  the  force  tending  towards  a  fixed 
point ;  given  the  velocity  and  direction  of  its  motion  at  any  point  of 
the  curve,  to  find  an  equation  between  the  area  described,  in  any 
time  after  its  leaving  that  pointy  and  the  time  of  describing  it, 
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5.  If  f*  and/  be  Ibe  foro^i,  JD  and  (2  ih€  Mnfcrd  distunc^y  at 
aoiilar  poiati  of  similar  9iir?«i,  P  and  p  tbp  times  of  daioribbg 
sifBilar  porlioof  round  eeatrea  of  force  similarly  ^tuaUd ;  shew  tbat 

'•-'•'  D'  d  "  P*'p* 


6.    Investigate  the  following  fonnule  : 


F^^t'^^.      F«     /^l^, 


a  being  tbe  area  described  in  1^  and  F  representing  the  force  op  the 
scale  on  which  that  of  gravity  is  represented  by  2m> 

7.  Two  circles,  which  intersect^  are  described  by  two  bodies 
attracted  towards  a  third  body,  placed  in  one  of  the  points  of  inter- 
section :  prove,  that  the  periodic  times  in  these  circles  will  be  as  the 
cubes  of  their  radii* 

8.  A  body  mov^  in  a  Ipgarithmic  curve,  and  the  force  acts  in 
parallel  lines,  in  a  direction  perpendicular  to  the  abscisse.  Find  the 
law  of  force. 

9.  A  body  revolves  in  an  ellipse,  attracted  by  a  force  tending  to 
centre.    Find  the  variation  of  the  force  t  and  shew  that  in  different 

elUp^eSj  periodic  time  a  •      .     ^ :•    Explain  distinctly,  what  is 

meant  by  ahtohie  force. 

19.    ^  ^  fz  *n^  A  ^^7f  is  projected  from  a  given  point  in  a 

direction  which  makes  an  angle  (S)  with  the  initial  distance  A  :  then 
if  the  velocity  of  projection  an  n  tames  that  from  inftnity, 

the  axis-major  of  orbit  described  ==  j» 

the  a^i«-mmor  m-m •....♦,..  ^TTTiZTT) 

1 1.    Eiplain  the  nature  of  oentifrugal  fovoe;  and  ftor^  that^  ill 

all  curves  it  3=  r^'  (a  being  the  area  described  in  1'  )• 
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12.  A  body  moving  in  a  parabola^  force  in  focus^  arrives  at  the 
extremity  of  the  latus  rectum  (4a).  Show  that  if  (/)  represent  the 
force  at  the  vertex,  (on  the  scale  on  which  gravity  is  represented  by 

2m),  and  a  velocity  =     /^  be  communicated  to  the  body  in  the 


VI- 


direction  of  the  latus  rectum,  it  will  describe  a  circle  round  the 
focus. 

Conic  Sections. 

1 .  Given  the  curve  and  any  diameter  of  an  ellipse,  and  a  point 
in  the  curve,  which  is  not  a  vertex  of  the  diameter,  to  draw  from 
this  point  an  ordinate  to  the  diameter. 

2.  If  any  two  ordinates  QQ^,  q<f,  terminated  both  ways  by  the 
curve  of  a  parabola,  intersect  each  other  in  M ;  and  P,  p  be  their 
respective  parameters,  prove  that  QM .  MQt  :  qM .  Mq' ::  P  :  p. 

3.  Any  section  of  a  paraboloid,  not  perpendicular  to  the  base,  is 
an  ellipse. 

4.  If  PQ  be  an  arc  of  any  conic  section,  QR  parallel  and  QT 
perpendicular  to  the  radius-vector,  the  limit  of  -77^   a:  the  latus 

hill 

rectum. 

5.  With  vertex  C,  and  axis  CX,  (the  centre  and  asymptote  of  an 
equilateral  hyperbola)  and  latus  rectum  =  CK  (any  distance  mea- 
sured along  the  asymptote),  a  parabola  is  described,  cutting  the 
hyperbola  in  M:  show  that  if  KL,  be  drawn  to  the  hyperbola,  and 
MN  to  the  asymptote,  both  parallel  to  the  other  asymptote,  thep 
will  MN,  CN  be  two  mean  proportionals  between  CK  and  KL. 

TRINITY  COLLEGE,  May  1828. 

1.  Explain  Newton's  method  of  prime  and  ultimate  ratios,  and 
shew  that  Leibnitz's  positions  with  regard  to  curve  lines,  &c.  agree 
fully  with  it. 

3.  What  were  the  circumstances  of  the  motion  of  the  planets 
discovered  by  Kepler  which  served  as  tests  to  Newton  in  his  selection 
of  a  law  for  the  universal  gravitation  ?  How  does  it  appear  that  the 
mutual  attraction  of  particles  of  matter  could  not  be  directly  as  their 
distance? 
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S.  When  a  body  moves  in  a  curve  by  the  action  of  a  central 
force^  the  polar  equation  to  the  orbit  is 

(fin 
show  that  at  an  apsidal  point  »  +  -r-^  is  the  reciprocal  of  the  radius 

of  curvature. 

4.  Explain  Newton's  method  of  deducing  the  circumstances  of 
the  rectilinear  motion  of  a  body  towards  a  centre^  (the  force  varying 
inversely  as  the  square  of  the  distance)  from  those  of  curvilinear 
motion.  How  does  he  get  over  the  difficulty  that  on  this  hypothesis 
the  body  should  never  pass  through  the  centre  ? 

5.  Investigate  the  general  Proposition  in  the  7th  Section  (Prop. 
39),  and  shew  what  forms  the  curves  assume  when  the  force  varies 

(I),  as  the  distance. 

(2).  square  of  the  distance. 

(3.)  inversely  as  the  distance. 
How  is  this  construction  made  applicable  to  the  case  in  which  a  body 
is  projected  towards  the  centre  with  a  velocity  greater  than  that 
which  it  could  acquire  by  falling  from  an  infinite  distance  ? 

6.  If  a  body  moving  in  any  curve  be  urged  by  a  centripetal  force, 
the  velocity  which  it  has  at  any  place  depends  solely  on  its  original 
velocity  and  its  distance  from  the  centre  [Prop.  40^.  The  same 
proposition  is  applicable  to  constrained  motion  on  a  curved  surface. 

7.  Investigate  in  Newton's  or  Cotes's  manner  the  nature  of  the 
orbit  described  by  a  body  projected  with  a  given  velocity,  and  urged 
by  a  force  tending  to  a  given  centre  and  varying  according  to  a  given 
law,  and  apply  the  result  to  the  case  of  a  force  varying  inversely  as 
the  square  of  the  distance. 

8.  Explain  Newton's  method  of  accounting  for  the  motion  of  the 
apsides  of  an  orbit,  and  prove  that  the  disturbing  centripetal  force 
which  causes  it  varies  inversely  as  the  cube  of  the  distance  from  the 
centre, 

9.  In  Example  3,  to  Prop.  45,  where  the  force  b  supposed  to 

vary  as ^r >  when  1'  —  X  is  substituted  for  A,  it  is  found 

A^ 

necessary  to  suppose  T^  1,  in  order  to  get  out  the  result.    What 

is  the  reason  of  this  ? 
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10.  When  A  body  urged  hf  a  c^tvipeUl  force  is  oomtrained  to 
move  in  a  plane  not  containing  the  centre  of  f9rce>  tke  equable 
dascription  of  areas  obtains  with  respect  to  the  projection  of  the 
centre  on  the  plane.     [Prop.  46*] 

11.  If  two  bodies  mutually  attracting  each  other  revolve  about 
their  common  centre  of  gravity ;  either  of  them  might  be  made  to 
describe  round  the  other  kept  immoveable  a  figure  identical  with  that 
which  it  does  actually  describe  relatively  to  that  other. 

12.  If  three  bodies  be  in  motion  urged  by  their  mutual  attrac- 
tions, there  b  one  case  in  which  their  motions  take  place  without  any 
disturbance,  and  another  in  which  the  disturbance  is  very  small. 

1 3.  If  the  motion  of  a  body  P,  revolving  about  another  T,  be 
disturbed  by  the  action  of  a  third  distant  body,  (the  attractions  being 
inversely  as  the  squares  of  the  distances,)  prove  that  the  velocity  of 
P  will  be  greatest,  the  curvature  of  its  orbit  least,  and  its  distance 
from  T  least,  in  conjunction  and  in  opposition.  What  is  here  sup- 
posed to  be  the  undisturbed  form  of  P's  orbit  ? 

)4f.    {n  the  same  c^se  show  that  the  following  effects  must  ensue : 

(1).  A  variation  in  the  periodic  time  of  P,  if  the  distanca 
oi She  variable. 

(2).  A  progression  of  the  apsides  of  P's  orbit,  if  eccentric 

(S).  A  variation  in  this  progression. 

(4).  A  variation  in  the  eccentricity  of  P's  orbit. 

(5).  A  variable  regression  of  the  nodes  of  P'u  orbit,  if 
inclined  to  the  plane  containing  T  and  S* 

15.  State  and  explain  in  order  the  "  Lunar  Inequalities"  observed 
by  astronomers,  before  the  time  of  Newton,  and  show  their  agree- 
ment with  the  efiects  mentioned  in  the  last  article. 

16.  What  other  terrestrial  and  celestial  phmiomena  does  Newton 
account  for  in  the  Corollaries  to  Prop.  66  } 

17.  How  does  it  appear  that  Saturn's  ring  cannot  be  a  connected 
and  rigid  body  ? 

18.  The  common  centre  of  gravity  of  the  Earth  and  Moon 
describes  about  the  Sun,  very  nearly,  an  ellipse  in  one  plane,  and  the 
area  passed  over  by  its  radius  vector  is  very  nearly  proportional  to 
the  time  [Airy's  Tracts]. 
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19.  Prove  that  if  all  particles  of  matter  attract  each  other  with 
forces  inyenely  as  the  squares  of  their  distances,  a  corpuscle  placed 
within  a  sph^eal  shell  is  equally  attracted  m  all  directbos 
Prop.  70. 

20.  If  a  spherical  shell  of  indefinitely  small  thickness  composed 
qf  particles  apcordin^  to  the  law  of  the  inverse  square  of  the  distance^ 
its  attraction  on  any  point  without  it,  is  the  same  a;  if  the  wbole  ma^ 
were  collected  at  the  centre  QWhewell's  Di^namics,'}, 


TRINITY  COLLEGE,  Jonb  1839. 

1.  Whbn  are  two  quantities  said  to  he  uliimaiefy  equal  ? 
Shfew  that  the  sine  and  tangent  of  a  circular  arc  a|%  ultimately 

equals  and  that  the  versed-si^e  ultimately  vanishes  with  r^pect  to 
the  sine. 

2.  Enunciate  and  prove  Newtop,  Lemma  4 ;  and  apply  it^  or 
Lemma  2,  to  find  the  area  of  a  portion  of  a  parahola  cut  off  by  an 
abscissa  and  ordinate  to  the  axis. 

3.  The  spaces  described  by  a  body  when  acted  upon  by  a  finite 
force  are  ultimately  as  the  squares  of  the  times.  Prove  this  Lemma^ 
shewing  clearly  that  Lemma  9,  can  be  properly  applied  to  this 
case. 

4.  Define  the  circle  of  curvature,  and  shew  that  the  chord  of  cur« 

PQi 

vature  to  a  point  P  is  the  ultimate  value  of  "qJT*  ^^^  chord  bebg 

parallel  tp  the  subtense  QR  of  the  angle  of  contact.  Apply  this  to 
determine  the  chord  of  curvature  through  the  centre  and  focus  of  an 
ellipse. 

5'  If  a  body  describe  equal  areas  in  equal  times  in  the  same  plane 
about  a  fixed  point,  the  body  is  urged  by  a  force  tending  to  that 
point. 

6.     Prove  that  the  centripetal  forces  in  different  curves  vary  as  the 

QR 

ultimate  values  of -^^  T  being  the  tim^  of  describing  an  ara  PQ  i 

and  shew  that  the  force  is  equal  to  the  ultimate  Value  of  ~opi~S~Qn* 
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^nd  also  to  pp-'  where  k  =■  twice  the  area  described  in  V\  and  Fs= 

velocity  at  P,  and  PV  the  chord  of  curvature  through  the  centre  of 
force. 

7.  Apply  one  or  other  of  the  preceding  expressbns  for  the  force, 
to  prove  that  if  F,f,  be  the  forces,  jB,  r,  the  radii  vectores,  V,  v,  the 
velocities  at  similar  points  of  similar  curves,  P,  p,  the  times  of  de- 
scribing similar  arcs 

8.  A  body  moves  in  the  circumference  of  a  circle,  required  the 
law  of  force  tending  to  a  point  without  the  circle.  Through  what 
portion  of  the  circumference  must  the  force  be  repulsive  ? 

9.  If  a  body  revolve  in  an  ellipse,  required  the  law  of  force  tend- 
ing to  the  focus.  How  does  Newton  infer  the  converse  of  this  and 
the  two  following  propositions  ? 

10.  Deduce  expressions  for  the  periodic  time  in  an  ellipse,  and 
for  the  velocity  at  any  point,  force  in  the  focus. 

11.  A  body  describing  a  parabola,  force  in  the  focus,  arrives  at 
the  extremity  of  the  latus  rectum.  What  alteration  must  be  made 
in  the  absolute  force  that  the  body  may  aflerwards'describe  an  ellipse 
of  which  the  axis-major  shall  be  equal  to  the  latus  rectum  of  the 
parabola  ?  Determine  also  the  position  and  magnitude  of  the  minor 
axis. 

12.  If  a  body  describes  a  curve  round  a  centre  of  force,  shew  that 
—  18  the  resolved  part  of  the  centripetal  force  in  the  direction  of  the 
normal  at  a  point  where  (p)  is  the  radius  of  curvature,  and  (u)  the 
velocity  of  the  body.  -  is  sometimes  called  the  centrifugal  forte. 
What  is  the  meaning  of  the  term  in  that  case  ? 

13.  Apply  the  differential  equations  of  motion  to  prove  that  a 
revolving  body  acted  upon  by  a  force  tending  to  a  fixed  point  will 
describe  round  it  areas  proportional  to  the  times. 

14".  If  P  be  a  point  in  a  parabola,  and  QQ!  be  drawn  parallel  to 
the  tangent  at  P  and  PV  parallel  to  the  axis,  QQ^  is  bisected  in  V. 
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15.  If  an  ordinate  PQ  and  a  tangent  PR  be  drawn  from  the 
same  point  P  in  a  parabola,  any  diameter  DEF  terminated  by  the 
ordinate  and  tangent  is  divided  by  the  curve  in  the  same  proportion 
in  which  itself  divides  the  ordinate. 

VP 

16.  Shew  that  in  an  eUipse  SY^  =  BC^  .  ~p- 

17.  If  a  right  cone  be  cut  by  a  plane  through  both  slant  sides,  the 
section  is  an  ellipse.  Prove  this,  and  having  given  the  points  where 
the  cutting  plane  meets  the  slant  sides,  determine  the  axes  of  the 
ellipse. 

18.  If  a  tangent  be  drawn  to  any  point  P  in  an  hyperbola,  meet- 
ing the  asymptotes  in  L  and  K,  and  C  be  the  centre  of  the  hyperbola 
the  triangle  CLK  is  invariable. 


TRINITY  COLLEGE,  Junk  1829. 

1 .  Shew  that  the  spaces  described  by  a  body  when  acted  upon  by 
any  finite  force  are  ultimately  as  the  squares  of  the  times.  What  co« 
roUaries  does  Newton  deduce  from  this  Lemma  respecting  the  errors 
of  bodies  ?  , 

2.  A  body  describes  an  ellipse,  required  the  law  of  force  tending 
to  the  focus.    ^Newton's  method.^ 

8.  Find  the  place  of  a  body  describing  a  given  parabola,  at  an 
assigned  time  from  its  leaving  the  vertex ;  also  conversely,  find  the 
time  of  the  body's  arriving  at  an  assigned  point.  [[Newton's 
method.] 

4.  S  and  S^  are  two  centres  of  force  varying  directly  as   the 

distance,  through  S  a  plane  is  drawn  meeting  an  angle  (0)  with 

SS';  shew  that  if  SS'  =  a,  and  m,  iti  be  the  measures  of  the  forces 

at  distance  unity,  a  body  placed  at  iS  will  oscillate  on  the  plane 

2m'acos.d    .  » 

throuirh  a  space ; — j-*  m  a  time  — r; — - — t* 

5.  The  area  of  the  figure  D£5  described  by  the  indefinite  line 
SD  is  equal  to  the  area  which  a  body  would  describe  in  the  same 
time  when  revolving  uniformly  in  a  circle  round  S  as  centre,  the 
radius  of  the  circle  being  =  \  the  latus  rectum  of  the  figure  'DES, 
LProp.  35.] 
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6.  8tippO06  the  Moon  to  be  tetained  in  a  ^irdular  orUt  found  the 

Earth's  centre^  by  a  force  in  that  centre  varying  as  ■ ..     .^ ;    shew 

that  a  heavy  body  at  the  Earth's  surface  acted  upon  by  the  same 
force  (diminished  scOording  to  the  above  law)  would  in  one  second 

fall  through  a  space  =  — -— •  *  where  r  =  radius  of  the  Earth  (in 

feet),  nr  ss  radius  of  the  Moon's  orbit,  p  =  period  of  the  Moon  (in 
seconds),  «r  =  circumference  of  a  circle  where  diameter  ^  1 .  Deduce 

the  numerical  value  of —  in   feet,  supposing  r  =  4000  friUes, 

n  =s  60,  p  =s  27  days,  »«  =  10. 

7.  A  body  acted  on  by  a  force  va]7ing  as  ■■  ■.      ^     is    projected 

from  an  apse  with  a  velocity  acquired  down  a  finite  distance ;  deter- 
mine the  orbit  described  by  the  principles  of  the  eighth  sectior,  and 
prove  Newton's  constructicfn  for  the  orbit. 

8.  Also  wheti  the  force  varies  as  rt — r  determine  the  difieren- 

(dist.)* 

tial  equation  to  the  curve  described,  the  velocity  of  projection  being 
(9)  times  that  acquired  from  infinity;  and  also  the  conditions  requisite 
that  the  orbit  may  have  an  asymptotic  circle. 

9.  Deduce  the  equation  to  the  orbit  FCp  [Section  9],  that  of 
FCP  being  known,  and  apply  it  to  shew  that  the  difference  of  the 

forces  an  PwoAp  varies  as  ■■*     If  FCP  be  an  ellipse  of  small 

eccentricity,  and  C  the  centre,  compare  the  radii  of  curvature  in  the 
points  of  the  orbit  FCp  corresponding  to  the  extremities  of  the  axes 
of  the  ellipse. 

10.  Explain  fully  Newton's  method  of  determining  the  angle 
between  the  apsides  in  orbits  nearly  circular,  and  exemplify  in  the 

case  where  the  force  varies  as  —r -»   r  beinsr  the    radius  vector. 

qI  ^   jA  © 

Why  cannot  the  principles  of  the  ninth  Section  be  applied  to  deter- 
mine the  amount  of  the  progression  of  the  Lunar  apogee  ? 

n.  If  a  body  oscillate  in  an  hypocycloid,  acted  upon  by  a  force 
tending  to  the  centre  of  the  globe  and  varying  as  the  distance,  the 
oscillations  will  be  isochronous. 
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19*  A  body  aotod  upon  by  grairify  in<)vefl  on  M  biyerted  eone  with 
its  axis  vertioAl,  find  the  equation  to  the  projeetioti  o^  th6  orbit  on  a 
horizontal  plane^  and  the  law  of  the  force  tending  to  the  vertex  by 
which  that  projection  might  be  described. 

IS*    If  P  and  S  attracting  each  other  with  forcei  varying  as 

rri — --  revolve  round  th«ir  oommon  centre  of  gravity,  shew  that  fhe 
^(dist:)*  ®        ^ 

apparent  orbit  of  one  round  the  other  is  an  ellipse ;  and  compare  the 

major  axis  of  the  ellipse  which  P  describes  mlatitely  to  iS  in  motion 

with  that  which  P  would  describe  in  the  sanie  time  about  S  at 

14.  If  the  motion  of  a  body  P  revolving  about  another  T  hb  dis^ 
turbed  by  the  action  of  a  third  distant  body^  explain  fully  the  ^eneilfti 
effects  produced, 

(I).  On  the  periodic  time  of  P,  the  distance  ST  being  varia- 
ble.   [Prop.  66,  Cor.  6.3 

(2).  On  the  eccentricity  of  P's  orbit.     [Cor.  9.] 
(S).  On  the  motion  of  the  nodes  of  P's  orbit,  if  inclined  to 
the  plane  containing  T  and  S.    [Cor.  1 1.3 

15.  Find  the  resolved  part  of  the  Sun's  disturbing  force  on  the 
Moon  in  the  direction  of  the  projection  of  the  radius  vector  on  the 
ecliptic  [Airy's  Tracts] ;  and  determine  its  approximate  value  sup- 
posing the  Moon  to  move  in  the  ecliptic,  and  to  be  at  an  angular  dis- 
tance (6)  from  syzygy. 

16.  Shew  that  if  P  be  the  period  of  T  nrand  S,  and  p  that  of  P 
round  T,  the  mean  addititious  force  of  iS  on  P :  mean  force  of  T  on  P 
(that  is,  the  force  by  which  P  would  in  time  (p)  revolve  round  T  at 
distance  PT)  : :  p«  :  P' ;  and  that  if  F  be  the  mean  velocity  of  P 
in  a  circular  orbit  about  T,  and  (v)  its  velocity  at  an  angle  d  from 
quadratures,  a  near  approximation  to  its  velocity  at  an  angle  (6)  from 
quadratures  will  be 

r-S^rcos.2d. 

17«  Having  given  the  attraction  of  a  sphere  on  a  particle 
without  it,  find  its  attraction  on  a  particle  situated  within  the 
sphere ;  the  attraction  of  the  particles  composing  the  Sphere  varying 
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18.  Two  straight  lines  intersect  at  right  angles,  determine  the 
attraction  of  one  of  them  on  a  given  portion  of  the  other, 

1 
Attr»  oc  --: — -  • 
(di8t)3 

19.  Find  the  attraction  of  an  oblate  spheroid  of  finite,  and  also  of 
small  eccentricity  on  a  particle  at  its  equator. 

20.  If  the  Earth's  equator  be  surrounded  by  a  canal  of  water, 
determine  the  form  which  the  waters  will  assume  when  acted  upon 
by  two  distant  bodies  as  the  Sun  and  Moon  in  the  plane  of  the 
equator,  the  attraction  on  any  point  independently  of  the  disturbing 
forces  of  the  Sun  and  Moon  varying  as  its  distance  from  the  Earth's 
centre. 


TRINITY  COLLEGE,  May  1830. 

1.  What  laws  of  motion,  first  discovered  by  observation  at  the 
Earth's  surface,  did  Newton  in  his  theory  of  universal  gravitation, 
e3(tend  to  the  motions  of  the  heavenly  bodies  ? 

2.  The  spaces  described  by  a  body,  urged  by  any  finite  force, 
are  at  the  beginning  of  the  motion  in  the  duplicate  ratio  of  the 
times. 

S.  Admitting  Kepler's  law  of  the  equable  description  of  areas, 
shew  that  the  force,  acting  upon  a  planet,  is  directed  to  the  Sun. 

4.  From  another  of  Kepler's  laws,  the  elliptic  form  of  a  planet's 
orbit,  infer  that  the  force  varies  inversely  as  the  square  of  the 
distance  from  the  Sun,  and  that  the  square  of  the  periodic  time 
varies  as  the  cube  of  the  mean  distance. 

5.  Having  given  1  :  390,  the  ratio  of  the  Moon's  distance  from 
the  Earth  to  the  Earth's  distance  from  the  Sun,  and  365^  :  27^, 
the  ratio  of  the  periodic  tiroes  of  the  Earth  and  Moon,  prove  that 
the  ratio  of  the  mean  force  acting  on  the  Earth  to  that  on  the  Moon, 
is  2*17  nearly. 

6.  The  time  of  describing  any  parabolic  arc  PQP',  of  which 
PMP'  is  the  chord,  Q.M  the  sagitta,  and  S  the  focus,  is  equal  to 
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the  time  of  describing  the  chord  uniformly  with  the  velocity  at  the 
distance ^ ^  from  the  focus.    l[^Nefvton,2 

7.  Obtain  three  terms  of  a  series  for  calculating  the  true  anomaly 
from  th^  mean. 

8.  Required  the  equation  of  the  orbit  described,  and  the  angle 
between  the  apses,  when  the  force  is  twr  +  — • 

9.  If  a  body  move  on  a  surface  of  revolution  by  the  action  of  a 
force,  the  centre  of  which  is  situated  in  the  axis,  the  projection  of 
the  radius-vector  joining  the  centre  and  the  body,  upon  a  plane 
perpendicular  to  the  axis,  will  describe  equal  areas  in  equal  times. 

10.  If  twp  bodies  be  projected  with  any  velocities  in  any  direc- 
tions in  space,  and  the  consequent  motion  of  their  centre  of  gravity 
be  impressed  on  them  in  a  direction  contrary  to  that  in  which  it 
takes  place,  the  remaining  motions  will  be  in  one  plane,  parallel, 
and  inversely  proportional  to  the  masses ;  and  the  bodies,  mutually 
attracting,  will  describe  about  each  other  and  their  centre  of  gravity, 
similar  orbitfi. 

11.  The  orbit  which  two  bodies  mutually  attracting  describe 
relatively  to  each  other,  may  be  described  in  the  .same  time  by  a 
material  particle  revolving  round  an  attracting  mass  at  rest,  equal  to 
the  sum  of  the  bodies. 

12.  Itequired  the  approximate  values  of  the  central  and  tan- 
gential disturbing  forces,  when  the  orbit  of  P,  supposed  circular,  is 
inclined  to  that  of  i^  at  a  given  angle ;  also  the  disturbing  force 
acting  perpendicularly  to  the  plane  of  P's  orbit. 

13.  What  are  the  causes  of  the  variation  and  the  annual  equation, 
and  when  are  these  inequalities  greatest  ? 

14.  State  the  cause  of  the  inequality  called  evection  ;  and  shew 
that  the  eccentricity  of  the  Moon's  orbit  increases  as,  the  apsidal  line 
moves  from  quadratures  to  syzygies,  and  diminishes  as  it  moves  from 
syxygies  to  quadratures. 

Of  the>  three  inequalities  mjcntioned  in  the  two  preceding  questions, 
which  most  affects  the  Moon's  place,  which  least  ?  . 

u 
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15.  Obtain,  according  to  Newton's  method,  the  angle  between 

the  apses  of  an  orbit  nearly  circular  in  which  the  fioce  is  —  —  r^> 

th«  mMiii  df  ibat  tending  from  the  Moon  to  the  Earth  ;  and  having 
given  179,  the  square  of  the  ratio  of  the  Earth's  to  the  Moon's 
periodic  time^  perfomi  the'  numerical  calculation  of  the  angle, 

16.  Similar  angular  errors  in  different  systems  vary  as 

(period  of  Py 

(period  of  T)^'  ^ 

In  what  manner  does  the  direct  solution  of  the  Problem  of  Three 

Bodies  shew,  that  this  Proposition  is  much  more  true  for  the  motion 

of  the  npdes  than  for  that  of  the  apses  ? 

17.  Taking  for  granted  a  result  which  Laplace  has  arrived  at; 
viz.  that  if  m  be  the  mass  of  Jupiter,  m'  of  Saturn,  and  a,  cl^  be 

their  respeciive  mean  distances  from  the  Sun,  -  +  -^  remains  con* 

a       a 

stant  notwithstanding  their  mutual  perturbations  ;  prove  that  corre- 
sponding small  variations  in  the  mean  angular  motions  of  the  two 
planets,  will  have  different  signs,  and  will  be  nearly  in  the  ratio 

of  3to7,  if  J^tI  and  J  =  M- 

18.  If  D  be  the  interval  between  the  centres  of  two  spheres, 
attracting  according  to  the  law  of  gravity,  M,  M%  be  their  masses, 
and  if  the  density  in  each  be  any  function  of  the  distance  from  the 
centre,  the  moving  force  with  which  they  attract  each  other  will 

be   — J- — .    ^Newton,  Sect,  xii.] 

19.  Prove  that  the  form  of  the  oblate  spheroid,  which  a  fluid 
mass  revolving  with  a  given  angular  velocity,  will  take,  is  such  that 
the  force  at  the  pole  is  to  that  at  the  equator,  as  the  radius  of  the 
equator  to  the  radius  at  the  pole. 

SO.  A  particle  placed  any  where  within  the  interior  surface  of  a 
solid  shell,  which  is  bounded  by  similar  and  concentric  ellipsoidal 
surfaces,  and  attracts  according  to  the  law  of  the  inverse  square  of 
the  distance,  will  be  at  rest. 

%\.  If  1,  IN,  in'  be  ihe  masses  respectively  of  three  bodies  5,  £,  M, 
which  attract  each  other  according  to  th«;  law  of  gravity ;  if  :r,  y, »,  f , . 
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he  the  eo-otdinat^s  «nd  f adius-vector  (ff  M,  having  thi!ir  origin  at  S, 
which  is  fttlppoied  to  be  at  rei&t ;  and  if  j^,  y',  t^,  f^,  be  the  analdgbus 
lines  with  respect  to  E ;  then  will  the  motion  df  M  be  given  br  tiie 
solution  of  the  equations 

g  +  (l  +  ».')5  +  «^  =  D, 
•^-y  J.  n -I- «.'^y  J.  n.**^  -  n 


where 


/'         ^  V{(*  -  ^')*  +  (y  -  yy  +  (« -  «')'}• 


TRINITY  COLLEGE,  Mat  1890. 

1.  Define  the  terms  parabola,  ellipse,  hyperbola,  diameter, 
parameter,  lotus  rectum. 

2.  In  the  parabola^  the  subnormal  is  equal  to  half  the  latus 
rectum. 

3.  The  rectangle  under  the  latus  rectum  of  the  parabok>  and 
the  part  of  any  diameter  cut  off  by  an  ordinate  to  the  axis,  is  equal 
to  the  rectangle  under  the  segments  of  the  ordinate. 

4.  The  tangent  to  an  ellipse  makes  equal  angles  with  lines  drawn 
from  the  point  of  contact  to  the  foci. 

5.  The  rectangle  under  the  perpendiculars  from  the  foci  upon 
the  tangent  is  equal  to  the  square  of  the  semi-axis  minor. 

6.  The  lengths  cut  off  from  a  non^al  by  the  axis  ma)or,  con- 
jugate diameter^  and  axis  minorj  are  in  continued  proportion. 

7.  If  tangents  be  drawn  at  the  vertices  of  four  conjugate 
hyperbolas,  forming  a  rectangle,  the  diagonals  of  this  figure  are 
asymptotes  to  the  four  curves. 

8.  Find,  in  each  of  the  Conic  Sections,  the  value  of  the  chord  of 
curvature  through  the  focus. 

K  2 
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9.  Prove>  by  the  definitioii  given  in  answer  to  the  first  question, 
that  the  curves  produced  by  the  oblique  section  of  a  cone  by  a  plane^ 
is  an  ellipse. 

10.  Explain  fully  Newton's  first  Lemma. 

1 1 .  Prove  that  the  areas  of  similar  figures,  bounded  wholly  or 
partly  by  curved  lines^  are  to  one  another  in  the  duplicate  ratio  of 
their  homologous  lines. 

12.  Demonstrate  that  in  all  curves  of  finite  curvature^  the  evan- 
escent subtense  of  the  angle  of  contact  is  ultimately  in  the  duplicate 
ratio  of  the  conterminous  arc.     What  is  meant  by  Jinite  curvature  ? 

IS.  If  a  body  in  motion  be  affected  solely  by  a  force  tending 
constantly  to  a  fixed  pointy  or  centre^  the  sectorial  areas  which  it 
describes  about  that  point  must  be  proportional  to  the  times  of 
description. 

14.  Explain  and  demonstrate  Cor.  8,  Prop,  IV.  "  Eadem  omnia 
de  temporibus^  velodtatibus^  et  viribus^  quibus^  corpora  similes 
figuranim  quarumcunque  similium,  centraque  in  figuris  illis  similiter 
posita  habentiumy  partes  describunt>  consequuntur  ex  demonstratione 
pnecedentium  ad  hosce  casus  applicat&." 

15.  Given  the  velocities  of  a  planet  at  three  given  points  of  a 
given  orbit :  required  the  centre  of  force.. 

16.  If  a  represent  the  area  described  in  the  unit  of  time>  the 

QR 
force  at  any  point  P  of  an  orbit  is  measured  by  8«*  ^-^» 

or  by  ^p-*  F  representing  the  velocity,  and  X  the  chord  of  curvature 
through  the  centre. 

17.  Determine  the  law  of  force  by  which  an  equiangular  spiral 
might  be  described. 

18.  In  different  elliptic  orbits,  having  a  common  focus,  the 
squares  of  the  periodic  times  are  as  the  cubes  of  the  major  axes. 
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St.  JOHN'S  COLLEGE,  1824. 

!•  DxFiNE  what  is  meant  by  the  tenns  "limit "  and  ''  limiting 
ratio  "  and  from  ^your  definition  show  that  the  limiting  ratio  of  the 
chord,  arc,  and  tangent  to  each  o  her  is  a  ratio  of  equality,  when  the 
arc  itself  iranishes. 

2.  AB,  AF  are  two  straight  lines  intersecting  each  other  in  A, 
and  S  is  any  other  point.  Take  a  point  E  in  the  line  AF ;  divide 
AE  into  three  equal  parts  AC,  CD,  DE ;  join  SC,  SD,  SE  cutting 
A  Bin  (m),  (m')  and  (m''),  and  fin4  the  limiting  ratio  of  mm'  to  mW, 
when  AE  is  indefinitely  increased. 

S.     Prove,  (what  Newton  has  assumed),  that  in  an  ellipse 

Pv.vG:  Q«« : :  CP' :  CD^, 

and  from  it  show  that  if  a  body  revolves  in  an  ellipse  (force  in  focus), 
the  force  oc 


(dist.)« 

4.  Show  that,  if  two  equal  centres  of  force,  varying  as  the 
distance,  be  placed  in  the  two  foci  of  an  ellipse,  a  body  projected  with 
a  proper  velocity  may  be  made  to  describe  this  ellipse. 

5.  Explain  what  is  meant  by  the  expression,  "  velocity  acquired 
in  falling  from  an  infinite  distance,"  and  show  from  thence  geo- 
metrically, that,  when  force  a  . ,.  ^  the  velocity  in  a  ciijde  =  this 
velocity. 


6.    Find  tha  actual  velocity  of  a  body  revolving  in  an  hyperbola, 

(dist)* 
the  body  recedes  from  the  centre  of  force. 


when  force  oc  ^^.-^  and  find  the  limit  to  which  it  approximates,  as 


7«     Suppose  a  comet,  whose  radius  =a  r,  to  revolve  in  a  parabola^ 
and  at  its  perihelion  just  to  touch  the  surface  of  the  Sun,  and  to  lose 

in  consequence  f  -  j    part  of  its  velocity,  find  the  eccentricity  of  the 

ellipse  it  will  afterwards  describe,  and  compare  the  areas  described 
d .  U  before  and  after  impact. 
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8.  If  a  stone  be  thrown  with  a  given  velocity  from  the  Moon,  in 
what  direction  must  it  be  projected  that  in  its  course  it  may  just 
clear  the  surface  of  the  Earth,  and  what  is  the  least  velocity  of 
projection  sufficient  for  this  purpose?  (The  attraction  of  the  Moon 
and  the  resistance  of  the  Earth's  atmosphere  being  suppowd  ineon- 
siderable.) 

9.  A  circular  flexible  ring  revolves  in  its  own  plane  about  its 
centre  with  a  given  angular  velocity.  Find  the  tension,  arisbg  from 
the  aentriftigal  foree. 

10.  A  body  is  describing  a  ^ven  ellipse  about  a  ^here  of  maCter, 
whose  radius  is  greater  than  the  least  iboal  distance  ci  t&e  ellipse^ 
and  through  which  it  is  supposed  to  pasa  without  len^taDO?-  Me- 
quired  the  alteration  in  the  position  of  the  orbit  after  passmg  throu^ 
the  sphere,  «nd  tt©  orbit  described  during  its  passage  through-  (The 
force  without  the  sphere  varying  inversely  as  (distance)S  and  within 
directly  as  distance.) 


St.  JOHN'S  COLLEGE,  Dec.  1825. 

1.  State  what  is  the  analyticaji  method  of  findm;  the  ultimate 
ratio  of  evanescent  quantities.     Apply  it  to  finding  the  value  of 

— -L^when  arand^vaaiflh,  a;  being  the  abscissa  and  y  the  or&iale 

X 

of  a  curve  which  passes  through  the  origin  al  ri^  angles  to  the 
axis,  and  shew  from  the  result  that  it  is  the  diameter  of  curvature  at 
the  origin. 

2.  The  area  of  the  cissoid  of  Diodes  between  the  vertex  and  an 
ordini^^  to  the  axia :  its  cii^cumscribing  triangle  : :  4« :  5  ultimately. 

3.  A  line  drawn  through  the  middle  point  of  an  arc  of  continued 
curvature,  and  parallel  to  the  chord,  is  ultimately  a  tangent. 

4.  Having  given  the  velocity  and  direction  of  a  body  at  two 
pointe  of  its  orbit,  find  the  locus  in  which  the  centre  of  force  must 
be  situated. 

5*  A  flat  ring,  the  internal  radius  of  which  is  given,  revolves  in 
its  own  plane  above  its  centre  with  a  given  angular  velocity ;  find 
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the  magnitude  and  law  of  force  tending  to  its  centre  round  which  it 
would  revolve  in  the  same  manner  if  the  cohesion  of  the  particles 
were  destroyed. 

6.  Compare  the  centrifugal  forces  at  similar  points  of  similar 
cwrres,  round  coadres  ef  foree  suiilailj  nkuated. 

7.  If  a  hody  describe  a  semicircle  by  a  force  tending  to  a  poini  ior 
remote  that  all  fines  drawn  from  the  encle  to  it  may  be  ooasidefed 
parallel,  diew  that  the  force  at  any  petBt  P  rtatim  reciprocally  as 
P9P.  [Section  II.  Prop.  8.] 

8.  If  the  lines  drawn  to  the  circle  from  the  centre  of  force,  in 

the  same  proposition,  be  only  very  nearly  parallel^  shew  that  the 

force  at  any  point  P  must  be  increased  by  a  quantity  whkh  wies 

1 
as  •= — • 
PM^ 

9.  The  area  which  a  body  describes  round  a  centre  of  force  In 
the  time  /  =  }  .  plo,  p  being  the  perpendicular  corresponding  td  tlie 
velocity  ». 

to.  The  force  in  any  conic  section  tending  to  the  centre  of  fcTce 
R  «  j2pft'  ^  ^^^t  ^^  centre,  and  CG parallel  to  the  distance  BP 

meeting  the  tangent  at  P  in  6r ;   [SeMiuai,  Seotioii  III.)    Ymm 

RP 

this,  and  shew  that  if  i2  be  the  vertex  of  an  ellipse,  the  force  oc  gjgL* 

PN  bemg  peipettdkslar  t^  the  najer  axis. 

11.  There  are  three  equal  bodies,  two  of  which  describe  circles 
round  the  third  fixed,  in  such  a  manner  that  the  bodies  are  always 
in  the  same  right  Kne :   compare  the  radit  of  the  circles,  with  the 

three  bodies  attracting  each  other  with  forces  which  vary  as  -gj-» 

12.  If  the  central  fbree  of  a  body  moving  m  a  panihcrla  round  the 
focus,  were  to  cease  acting  at  the  vertex,  and  continue  uttenfupCeor  tilr 
the  body  had  described  an  angle  ifi  60*  above  the  ibcut;  itnd  the 
eec«i«»ey  •SAmoMt  it  wouM  $ftKwmAs demanke^ 


Digitized  by  VjOOQIC 


168  BXAMiNATioN  PAPBiu  [SL  John's 


St.  JOHN'S  COLLEGE,  1826. 

!•  A  SEGMENT  of  a  Sphere  :  its  inscribed  cone  : :  5  :  2  uld* 
mately. 

2.  Shew  how  to  find  when  the  curves  whose  equations  are  ob- 
tained by  altering  one  constant  in  a  given  equation  are  similar,  and 
find  whether  the  curves  formed  by  giving  different  values  to  a  in 
the  equation  ^^  —  ax  +  ^6  =  0  are  similar. 

5.  If  the  Earth  be  struck  by  a  comet  of  a  given  mass,  which 
moves  in  the  plane  of  the  ecliptic,  and  the  perihelion  distance  of 
which  is  equal  to  the  radius  of  the  Earth's  circular  orbit,  find  the 
alteration  produced  in  the  length  of  the  year. 

4.  If  the  least  distance  of  the  comet  be  not  quite  equal  to  the 
radius  of  the  Earth's  orbit,  find  how  the  length  of  the  day  is  altered 
supposing  the  ecliptic  and  equator  to  coincide. 

,  5.  Find  the  equation  to  the  curve  in  which  the  centrifugal  and 
centripetal  forces  are  in  a  given  ratio. 

6.  Compare  the  forces  at  similar  points  of  similar  curves ;  the 
force  acting  in  parallel  lines  and  the  velocities  in  a  direction  per- 
pendicular to  that  in  which  the  force  acts  being  the  same  in  the 
different  curves. 

7.  Compare  the  periods  in  two  equal  circles  round  the  same 
centre  of  force  which  is  situated  in  the  centre  of  one  circle,  and  in 
the  circumference  of  the  other. 

.8.  If  a  body  move  from  one  point  to  another  acted  on  by  ajiy 
centripetal  force,  shew  that  the  velocity  is  independent  of  the  curve 
in  which  it  moves. 

.  9.  The  velocity  is  also  independent  of  the  curve  if  the  body  be 
acted  on  by  any  number  of  centripetal  forces.  Does  the  proposition 
hold  for  all  forces  not  centripetal  ? 

10.  Explain  Newton's  method  of  finding  the  angle  between  the 
apsides  in  an  orbit  nearly  circular.    Find  the  angle  between  the 

apsides  in  the  curve  whose  equation  is  -  =  C  cos.yv  +  C  sin.yv,  r 

r 

being  the  radius  vector,  v  the  angle,  and  C,  C,  y  constants. 
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1 1 .  Find  the  disturbing  force  of  the  Sun  perpendicular  to  the 
plane  of  the  lunar  orbit. 

12.  If  a  body  move  freely  on  the  surface  of  a  solid  of  revolution 
acted  on  by  forces  tending  to  all  points  of  the  axis,  shew  that  |^e 
angular  velocity  round  the  axis  varies  inversely  as  the  square  of  the 
distance  from  the  axis. 

IS.  Explain  why  the  Sun  acting  on  the  protuberant  matter  of 
the  Earth's  equator  causes  a  precession  of  the  equinoxes. 


St.  JOHN'S  COLLEGE,  Dbc.  18ft. 

1.  Ths  ultimate  ratio  of  evanescent  quantities  is  a  ratio  of 
equality,  when  their  difference  is  an  evanescent  of  an  higher  order 
than  themselves ;  explain  this  phrase,  and  shew  that  the  rule  is  con- 
tained in  the  words  of  the  first  Lemma ;  the  term  data  differetUia 
being  understood  a  quantity  of  finite  magnitude. 

2.  Shew  from  the  preceding  question  that  the  axiom,  ''  If  equals 
be  taken  from  equals,  the  remainders  are  equal,"  does  not  necessarily 
hold  when  applied  to  the  Geometry  of  the  first  Section,  and  give  an 
example. 

3.  Define  similar  curves  when  referred  to  polar  co-ordinates; 

prove  that  curves  represented  by  the  equation  d  ss  f  -    are    similar, 

and  hence  determine  on  what  condition  different  conchoids  will  be 
similar. 

4.  In  a  curve  of  finite  curvature,  the  chord,  arc,  and  tangent, 
are  ultimately  in  a  ratio  of  equality. 

5.  AB  is  the  chord  of  an  arc  ACB  of  finite  curvature,  take 
AC  :  CB  always  u  m  l  n;    join  AC,  BC,   and  prove  that  the 

,,^ABC:  segment  ABC : :  3  :   (    h+     /^V  ultimately. 

6.  Given  three  points  in  an  orbit  and  the  three  corresponding 
angular  velocities  ;  to  find  the  centre  of  force. 

7.  Find  the  law^f  force,  that  the  velocities  in  different  circles 
about  the  same  centre  may  be  the  same. 
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8.  A  body  Mvolviag  in  a  0  ists  out  from  A  ;  required  to  drsw 
the  chord  AF,  along  which  a  body  deacending  by  the  force  in  the 
cixcuittferenQe  aoting  tmifomd^  parallel  to  the  radius  CA,  may  meet 
the  revolving  body  again  in  F» 

9.  Prove  foUy  that  the  force  in  any  curve  varief  invenely  ae 
SY^ .  PV;  when  SY  is  the  X  on  the  tangent,  aad  Pr  the  chord 
of  curvature  through  the  centre  of  force.  And  apply  the  ezpreanon 
to  find  the  law  of  foirce  in  the  reciprocal  spiral. 

10.  If  a  body  be  projected  from  a  given  point  with  the  same 
velocity  in  different  directiops^  and  be  acted  on  by  a  force  tending  to 
a  given  pointy  ^ich  varies  inversely  as  Z>^;  find  the  curve>  which 
is  the  locus  of  the  centres  of  all  the  ellipses  described. 

1 1.  Prove  that  when  the  velocity  in  any  curve  equala  velocity 
ift  thi9  0  6 .  cf>  the  angular  velocitiea  of  the  radius*vector  and  X  on 

.  the  tangent  are  equal,  and  find  when  thia  takes  place  in  a  0,  force 
not  in  the  centre. 

12.  Force  to  C  varies  aa  distance.  A  body  is  pcc^feed  fimm 
P  aleag  the  Uae  zPyt»  with  velocity  » t» .  tunes  vdkMaty  iv  0  rad. 
QF.  DrawP£»m.CP,  making  the  Z  xPJiC »  CPy  and  jeia 
CK.  Shew  that  the  axu-major  of  the  ellipse  described  biseets  the 
Z  PCK,  and  complete  the  construction^  so  as  to  determine  the  HMg- 
nitude  of  the  axes. 

IS.  A  body  is  revolving  in  an  ellipse;  the  centre  of  force  is  sud- 
denly transferred  from  the  focus  G  to  H,  Shew  that  if  at  the  same 
infltanty  the  body  be  so  situatod,  that  the  Bonaal  dividea^H  in 
extreme  and  mean  ratio^  it  will  describe  a  parabola^  and  find  its 
latus-rectum. 

14.  If  a  comet  describing  a  parabolic  orbit  inclined  to  the  ylane 
of  the  ecliptic,  be  seen  to  pass  over  the  Sun's  disc,  and  -^  of  a  year 
afiter,  to  strike  the  planet  Mars,  whose  distance  from  the  Sun  is  ^ 
that  of  the  Earth ;  required  the  distance  of  the  comet  from  the  Earth 
at  the  first  observatiLon  in  parts  of  the  radius  of  the  Earth'a  orbit^ 
supposed  circular^  and  its  plane  coincident  with  that  of  Mars. 
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QR 
\.    Faova  tk»t  t^  foreQ  in  any  orUt  vari^  u  limit  -^^  whwr^ 

Q/?  is  the  subtense  of  an  arc  drawn  parallel  to  the  force,  and  T  is 
the  time  of  moving  through  it. 

2.  Find  the  law  of  force  parallel  to  the  base,  by  which  a  body 
may  move  in  a  cycloid,  and  find  when  the  force  is  least. 

S.  Required  the  position  of  a  plane,  against  which  a  corpuscle 
revolving  in  a  circle,  at  a  distance  equal  twiee  the  Bartk'^  ndiuf 
must  impinge,  that  after  reflection  it  may  just  pass  round  the  Earth, 
elasticity  being  perfect;  and  find  the  time  it  remains  within  its 
former  orbit. 

4'.  Deterpiine  what  Newton's  trochoid  in  the  sixth  section 
becomes,  when  the  axis  minor  of  the  ellipse  vanishes ;  and  reconcile 
the  construction  with  that  given  in  the  seventh  section,  for  the  time 
in  a  descent  towards  a  centre  of  force,  which  varies  inversely  as  the 
square  of  the  distance. 

5.  Force  oc  •=^-    A  body  is  prqecied  with  a  velocity  which  is  to 

that  in  a  circle  at  the  same  distance  as  V^  T  1>  and  in  a  direction 
making  an  angle  of  3C®  with  the  distance ;  find  the  equation  to  the 
orbit  reckoned  from  the  asymptote,  draw  the  asymptote  and  find  the 
time  of  descent  to  the  centre. 

6.  If  the  fixed  orbit,  which  is  a  parabola,  force  in  focus,  be  ^o>^ 
jected  in  antecedentia  with  an  angular  velocity  equ^  to  half  that  of 
the  body  in  the  fixed  orbit ;  required  to  trace  the  curve  formed ; 
find  its  poiot  of  contrary  flexure,  and  the  point  wkere  the  fowea  id 
the  two  orbits  are  as  2  :  1. 

7.  Equal  absolute  forces  are  placed  in  A  and  &  which  vary  as  the 
distance.  Required  the  direction  and  velocity  with  which  a  body 
must  be  projected  from  a  given  point,  so  as  to  describe  an  ellipse 
having  A  and  B  in  the  foci. 

8.  investi^^  an  e^proxijn^te  expression  for  the  ablatitious  force 
in  Prop.  66^  and  shew  that  it  equals  three  times  the  additidoua  force 
X  sine  of  the  angular  distance  of  P  from  quadraitureft* 
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9.  Explain  what  is  meant  by  the  Moon's  variation ;  give 
Newton's  construction  for  it,  add  determine  when  it  is  a  maximum* 

10.  Investigate  the  path  of  a  body  projected  at  a  given  angle  in 
a  mediutn  whose  resistance  varies  as  the  velocity^  and  acted  on  by  the 
force  of  gravity.  Find  its  greatest  altitude,  and  the  resistance  at 
that  point. 

1 1.  The  centre  of  one  bounding  surface  of  a  meniscus  of  matter 
coincides  with  the  extremity  of  the  diameter  of  the  other ;  required 
the  attraction  on  a  corpuscle  placed  on  that,  point,  the  force  to  each 

particle  varying  as  jr^ 

12.  -  Shew  that,  from  the  effect  of  centrifugal  force,  a  plane 
circle  cannot  revolve  permanently  about  an  axis  through  its  centre 
inclined  to  its  plane ;  and  find  the  quantity  of  matter  in  an  uniform 
rod,  whose  length  equals  the  diameter,  to  be  fixed  to  it  through  its 
centre  at  right  angles  to  its  plane,  that  the  whole  may  revolve  per- 
manently about  any  axis  through  the  centre. 


St.  JOHN'S  COLLEGE,  May  1828. 

1  •  Find  the  limiting  ratio  of  the  solid  formed  by  the  revolution 
of  the  segment  of  a  circle  about  its  base,  to  the  solid  formed  by  the 
circumscribing  rectangle,  when  the  segment  is  diminished  without 
limit. 

2.  If  a  number  of  bodies  describing  different  circles  about  the 

same  centre  of  force,  which  a  *r,^  set  out  together  from  the  same 

radius ;  required  the  curve  in  which  they  all  will  be  found,  when 
that  body,  the  radius  of  whose  orbit  is  (a),  has  completed  its  revo- 
lution. 

3.  Prove  geometrically,  that  the  force  acting  in  parallel  lines, 
which  would  cause  a  body  to  move  in  any  curve,  is  to  the  force 
which,  acting  in  a  direction  perpendicular  to  the  former,  would  cause 
it  to  describe  the  same  curve,  : :  rad.^  :  tan.^  of  the  angle,  which 
the  curve  makes  with  the  first  direction. 
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4.  Give.  Newton's  construction  for  the  time,  and  Telodtyj  when 
8  body  falls  towards  a  centre  of  force/  which  varies  as  the  distance : 
and  shew  that  the  velocities  acquired  in  falling  through  different 
heights  to  the  centre,  are  as  the  height. 

5.  Force  a  yrj-     A  body  is  projected  from  a  given  point  with  a 

velocity  greater  than  that  which  could  be  acquired  by  falling  from 
an  infinite  distance.  Distinguish  the  different  orbits  which  may  be 
described,  and  the  conditions  in  each.  Also  find  the  ratio  between 
the  centripetal  and  centrifugal  forces  in  each  case. 

6.  Investigate  the  effect  of  the  disturbbg  force  of  the  Sun  upon 
the  node  line  of  the  lunar  orbit.     [Prop.  66.  Cor.  1 1 .] 

7.  The  time  of  a  revolution  of  the  Moon's  nodes  being  19  years, 
what  would  be  the  time  of  revolution  of  the  nodes  of  a  satellite 
describing  an  orbit  nearly  circular,  at  |th  part  of  the  distance  of  the 
Moon. 

8.  A  body  is  constrained  to  move  in  a  parabolic  arc,  acted  on  by 
a  force  perpendicular  to  the  axis.  Required  the  law  of  the  force, 
that  it  may  recede  uniformly  from  the  axis,  and  also  the  law  of  the 
pressure. 

9.  The  first  satellite  of  Jupiter  performs  its  revolution  in  1  day, 
18  hours,  at  a  distance  equal  to  six  times  the  radius  of  the  planet ; 
Jupiter  revolves  about  his  axis  in  10  hours.  Determine  hence  the 
ratio  of  the  axes  of  the  planet,  considering  it  an  homogeneous 
spheroid  of  small  eccentricity. 

10.'  If  within  a  given  sphere,  whose  particles  attract  each  other 
with  forces  varying  inversely  as  the  square  of  the  distance,  there  be 
inscribed  a  concentric  spherical  surface ;  required  the  attraction  of 
the  smaller  sphere  to  a  segment  of  the  larger,  cut  off  by  a  tangent 
plane  to  the  former.  Also  required  the  radius  of  the  smaller  sphere, 
when  this  attraction  is  a  maximum. 

11.  If  the  resistance  of  a  medium  vaiy  as  the  density  into  the 
square  of  the  velocity,  prove  that  the  orbit  described  by  a  body  about 
any  centre  of  force  is  to  be  determined  by  the  integration  of  the 
equation, 

V  is  the  angle  described,  P  the  centripetal  force,  and  Q  the  density. 
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19.  Constmet  fbr  Ibe  horary  tariiHion  ill  the  ittcUnatitm  of  the 
Moon's  oMt^  ttid  shew  that  th«  mean  Y^d^tion  during  one  lunatimi> 
at  Am  twice  the  angular  diataflce  of  the  nodes  ftotti  quAdfaturej 
into  sin.  inclination. 


St.  JOHN^S  college,  Mat  1829. 

1 ,  The  force  tending  to  a  point  S,  by  which  a  body  is  ntabed 
in  Its  orbit,  is  equal  to  -^^  X  limit  of  ^= :  where  A  =  twice 
the  area  described  in  a  seoond. 

2.  Given  the  radius  of  the  Earth,  the  force  of  gravity  at  its 
surface,  and  periodic  time  of  the  Moon,  required  her  distance  from 
the  Earth. 

S.  Determine  the  space  due  internally  to  the  velocity  of  a  body 
describing  a  circle  round  a  centre  of  force  in  the  circumference. 

4*.  A  body  moving  in  an  elliptic  orbit,  the  force  varying  as  tha 
distance^  leaves  an  ajMe :  what  is  the  distance  of  the  body  from  the 
centre  when  an  eighth  part  of  the  periodic  time  has  elapsed  } 

5.  Explain  Newton's  method  of  flndiilg  the  apsldal  angle  in  an 
orbit  nearly  circular,  and  exemplify  it  when  the  force  oc  — -75 — =-• 

6.  A  body  describes  a  circle  by  the  action  of  a  force  tending  to 
its  centre,  varying  inversely  as  the  seventh  power  of  the  distance. 
If  the  absolute  force  be  increased  threefold,  what  will  be  the  new 
orbit  described  by  the  body,  and  the  interval  before  it  arrives  at  the 
centre? 

7.  The  force  of  gravity  without  the  surface  of  the  Earth  varies 
inversely  as  the  square  of  the  distance  from  the  centre ;  and  within 
it,  directly  as  the  distance. 

8.  Given  the  radii  of  the  orbits  of  the  Earth  and  Moon,  and  their 
periodic  times ;  required  the  time  iti  which  the  Moon  would  perform 
a  revolution  round  the  Sun,  if,  when  she  is  in  conjunction,  th^ 
Earth  were  annihilated. 
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r        h^ 

9.  A  body  attracted  to  a  point  by  a  forte  sf  -^  -f-  •-  is  projected 

from  an  apte  at  the  distance  \/(mA);  k  being  twice  the  area 
described  in  a  second.  Find  the  polar  equation  to  the  orbit>  and 
diew  that  the  dme  of  deaeribing  aa  angle  0  mm .  tan.~  >4. 

10.  A  body  acted  upon  by  a  constant  force  in  parallel  lines  is 
projected  in  an  uniform  medium,  of  which  the  resistance  varies  at 
the  velocity ;  required  the  greatest  altitude  to  which  it  will  ascend. 

11.  The  Earth,  another  planet,  and  a  comet  move  in  the  same 
plane  round  the  Sun.  The  perihelion  distance  of  the  comet  is  the 
difference  between  the  radii  of  the  orbits  of  the  £arth  and  planet, 
and  the  duration  of  the  comet's  stay  in  the  Earth's  whit  is  n  iitaes 
the  periodic  time  of  the  planet  Compare  the  distances  of  the 
£arth  and  planet  from  the  Sun. 

12.  Required  the  hocaxy  motum  of  the  Moon'fe  nodes  in  a  circular 
orbit. 


St.  JOHN'S  COLLEGE,  Juna  1829. 

1.  Thb  homologous  rides  of  all  similar  figures,  whether 
curvilinear  or  rectilinear  are  proportionals,  and  the  areas  are  in 
the  duplicate  ratios  of  the  sides. 

2.  If  i4D  touch  the  curve  ACB  of  continued  curvature  in  the 
point  A,  and  BD  be  drawn  meeting  ilD  at  a  finite  angle,  and  the 
arc  ACB  be  continually  diminished,  the  limiting  ratios  of  the  chord, 
arc,  and  tangent,  to  each  other,  are  ratios  of  equality. 

S.  The  spaces  described  from  rest  by  a  body  acted  on  by  any 
finite  force  are,  in  the  very  beginning  of  the  motion,  as  the  squares 
of  the  times. 

4.  If  a  body  moving  in  a  plane  curve  describes  areas  proportional 
to  the  times  by  lines  drawn  from  the  body  to  any  point,  the  body  is 
retained  in  the  curve  by  a  force  tending  to  that  point. 

5.  The  space  due  to  the  velocity  at  any  point  of  a  ourve  by  the 
action  of  that  force  continued  uniform  is  a  quarter  of  the  chord  of 
curvature  at  thai  point, 
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6.  Force  oc  ^y^^py* 

7.  Find  the  law  of  force  tehding  to  the  focus  by  which  a  body 
may  describe  a  parabola. 

8.  If  a  body  be  projected  from  P  in  the  direction  ZPR,  which 
makes  any  angle  with  the  distance  SP,  and  be  urged  by  a  force 
tending  to  S,  varying  inversely  as  the  square  of  the  distance,  it  will 
describe  a  conic  section,  of  which  <S  is  the  focus. 

9.  The  periodic  time  of  a  body  describing  an  ellipse  round  a 

centre  of  force  m  the  focus  = — ; — • 

10.  To  find  how  far  a  body  must  fall  externally  and  internally 
by- the  action  of  a  variable  force,  to  acquire  the  velocity  of  a  body 
moving  in  an  ellipse  round  a  centre  of  force  in  the  focus. 

11.  To  determine  the  time  in  which  a  body  falling  from  rest 
from  any  given  point  A  will  descend  through  any  given  space  AC, 
by  the  action  of  a  force  at  S  varying  inversely  as  the  square  of  the 
distance. 

12.  If  the  force  varies  directly  as  the  distance,  the  time  of 
descent  and  the  velocity  acquired  from  rest,  are  respectively  pro- 
portional to  the  arc  and  sine  of  that  arc,  whose  radius  is  the  whole 
distance  from  wliich  the  body  begins  to  fall,  and  versed  sine,  ihe 
space  fallen  through. 

St.  JOHN'S  COLLEGE,  Dec.  1829. 

1 .    Define  a  limit;  and  shew  that  if,  as  j:  increases,  f{x  +  1 )  -^fx 
'  oonvei^s  to  a  limit,  then  -/c  converges  to  the  same  limit.    What 

X 

is  the  limit  of  -  log.  x,  when  x  is  infinite  ? 


2.     If  a  body  revolve  in  an  ellipse  about  the  focus,  its  velocity 
will  be  an  arithmetic  mean  between  the  greatest  and  least  velocities, 

when  COS.  il-yp  =  -  -,  €  being  the  eccentricity,  and  AS  the  least 
distance. 
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3.  At  what  point  of  an  hyperbola^  are  the  angular  velocities 
about  the  foci  in  a  given  ratio  ?  and  what  is  the  limit  of  that  ratio  ? 

JF    DC    — • 

4.  If  P  be  a  point  in  a  conic  section  whose  focus  is  S,  and  G  the 
point  where  the  normal  at  P  meets  the  axis^  shew  that  if  GK  be 
drawn  perpendicular  to  SP,  PK  s=  }  latus  rectum ;  and  hence  con« 
struct  the  orbit  described  by  a  hodj,  projected  from  a  given  point 

with  known  velocity  and  direction^  about  a  centre  of  force  a  jz' 

5.  Two  planets  describe  circles  in  the  same  plane  about  the  Sun 
whose  mass  is  known  ;  given  their  distances  from  the  Sun^  find  the 
interval  between  their  being  at  the  greatest  and  least  distances  from 
one  another. 

6.  As  a  body  revolves  in  a  parabola  about  the  focus^  a  tangent  is 
always  drawn  from  it,  meeting  AB  the  tangent  at  the  vertex  in  Q ; 
shew  that  the  velocity  of  Q  along  AB  varies  inversely  as  the  distance 
of  the  body  from  the  centre  of  force. 

7.  If  »  be  the  velocity,  and/  the  centripetal  force,  at  any  point 
of  a  curve  whose  distance  from  the  centre  of  force  is  r  ;  and  v',f,  /, 
similar  quantities  at  the  corresponding  point  in  the  locus  of  the  inter-i 
section  of  the  tangent  and  perpendicular  upon  it  from  the  centre, 

8.  "Posita  cujuscunque  generis  vi  centripeta,  et  concessis 
figurarum  curvilinearum  quadraturis,  requiritur  corporis  recta 
ascendentis  vel  descendentis  tum  velocitas  in  locis  singulis,  tum 
tempus  quo  corpus  ad  locum  quemvis  perveniet."    I^Prop.  39.] 

9.  If  two  bodies  whose  masses  are  m,  ot',  be  placed  on  a  smooth 

horizontal  plane,  and  be  connected  by  a  string  passing  through  a 

small  ring  in  that  plane ;  and  if  wi  be  projected  with  a  velocity  («)  in 

a  direction  perpendicular  to  its  distance  (a)  from  the  ring,  then,  when 

its  distance  is  r,  shew  that 

.,     .      .        ^   ,         .              mnik       (fl«)2 
the  tension  of  the  string  = ,  •  ^—^  • 

10.  In  the  last  question,  determine  the  time  which  m'  takes  to 
reach  the  ring,  and  the  acquired  velocity- 

N 
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11.  If  a  cornet^  besides  b^g  attracted  by  the  Sun^  were  dis- 
turbed by  a  constant  force  ^ting  at  ev^ry  pcdnt  in  the  direction  of  ^ 
diameter,  it  might  still  describe  the  same  orbit ;  and  the  velocity  at 
any  point  would  be  that  due  to  the  focal  distance  by  the  action  of 
both  forces  continued  uniform. 

\2,  If  v  be  the  yelocity  of  a  body  revolving  in  an  ellipse  about 
the  centre,  t/  its  velocity  when  the  direction  of  its  motion  is  at  right 
angles  to  the  former  direction, 

the  time  of  describing  the  interested  arc  =«  — -  gin.~*  — ^» 

where  tn  is  Ae  absolute  force,  apd  a,  b,  the  ^  axes. 


St.  JOHN'S  COLLEGE,  May  1830, 

1 .  Construct  for  the  place  of  a  body,  at  the  end  of  a  given  time, 
in  an  ellipse  round  the  focus. 

2.  Bodies  are  projected  from  a  given  point,  with  the  same  velocity 
in  different  directions,  and  acted  on  by  a  central  force  which  x 
(distance)^:  find  the  nature  of  the  surface  which  touches  all  the 
conic  sections  described. 

3.  Two  spheres  attracting  with  forces  which  oc  (distance)^,  are 
projected  at  the  same  instant,  with  the  same  velocity  and  in  ihe  same 
plane,  in  a  direction  perpendicular  to  the  line  joining  their  centres: 
determine  their  motions. 

4  s  Find  the  angle  between  the  apsides  of  the  orbit  described  by  a 
body  in  a  horizontal  plane,  round  a  point  in  the  plane  to  which  it  is 
attached  by  means  of  an  elastic  string. 

5.  Find  the  polar  equation  to  the  Moon's  orbit,  on  the  supposi- 
tion that  the  Moon's  gravitation  oc  quantity  of  light  received  from 
the  Earth. 

6.  Find  the  mean  annual  motion  of  the  Moon's  nodes. 

7.  Determine  the  motion  of  a  body  descending  from  rest  in  the 
sea,  the  density  of  the  Earth  being  supposed  uniform,  and  equal  to 
that  of  water. 

8.  Determine  the  motion  of  a  body  projected  in  a  medium,  in 
which  the  resistance  is  as  the  square  of  the  velocity,  and  acted  upon. 
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by  graviQr.  Pxove  ibat  « «  ss  J  /.  c  wbere  1;  is  tbe  velocity^  /  ibc 
aooeleiatiog  force,  and  e  the  vertical  chord  of  curvature,  at  any  point 
in  the  tnyectory. 

9.  Having  given  the  times  of  the  small  oscillations  of  a  pendulum 
about  each  of  three  given  parallel  axes,  in  a  plane  passing  through 
its  centre  of  gravity,  shew  how  the  length  of  a  simple  seconds  pen- 
dulum may  be  found. 

10.  Determine  the  time  of  the  very  small  oscillations  of  a  convex 
body  rolling  on  a  concave  surface. 

11.  Having  given  »:ss  .B  .  S .  sin.d  .  cos.9,  investigate  the 
quantity  of  solar  precession  for  any  given  time. 

12.  A  slender  ring  is  composed  of  matter  attracting  with  a  force 
which  oc  (distance)^ :  find  the  angular  velocity  with  which  it  must 
revolve  in  order  that  it  may  experience  no  tension. 

13.  Determine  the  elliptidty  of  a  planet  accompanied  by  a 
satellite. 


CORPUS  CHRISTI  COLLEGE,  June  I8«9- 

1  •  DsFiNB  angle  of  contact,  and  subtense  of  angle  of  contact ;  and 
shew  that  if  there  be  any  two  curves  AB,  Ah,  in  which  the  angle  of 
contact  ^ADhcBx^  a  ^te  ratio  to  the  ^ngl^  of  Qoolt^t  iAJ>-  Then 
if  the  curvatiure  of  A^  bp  finite,  th^  curvature  of  4h  will  also  be 
fini^,  and  oonvessely. 

2.  The  spaces  which  a  body  by  action  of  any  finite  force  describes;, 
whether  diat  force  be  constant  and  invariable,  or  continually  in- 
creased or  diminished,  are  in  the  very  beginning  of  the  motion  in  the 
duplicate  ratio  of  the  times. 

3.  In  all  curves  which  have  a  finite  curvature  at  the  point  of 
contact,  the  ultimate  ratio  oi  the  sybten^  of  ihe  angle  of  contact  is 
the  same  with  that  of  the  squares  of  the  coterminous  arcs.  • 

4.  The  centripetal  forces  oi  bodies  whidi  describe  any  similar 
curves  round  centres  of  force  similarly  situated  within  them  are  to 
each  other  as  the  squares  of  the  arcs  described  in  equal  times  directly 
and  the  radii  inversely. 

N  2 
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5.  The  space  through  which  a  body  raust  fall  to  acquire  a  velo- 
city equal  to  the  velocity  in  the  curve  at  any  point  equals  one  fourth 
of  the  chord  of  curvature  at  that  pointy  the  accelerating  force  being 
the  force  at  this  point  continued  constant.  Prove  this,  and  compare 
the  velocity  in  the  curve  whose  equation  is  u^  =  m^  cos.20  with  the 
velocity  in  a  circle  at  same  distance. 

6.  A  body  revolves  in  the  circumference  of  a  circle,  find  the  law 
of  force  tending  to  any  given  point :  also  compare  the  forces  tending 
to  any  two  points  round  which  the  same  body  will  revolve  through 
same  circle  in  same  period. 

7.  A  body  describes  a  cycloid  by  action  of  a  force  in  lines  parallel 
to  the  base,  determine  the  law  of  its  variation. 

8.  Find  the  value  of  the  angular  velocity  in  any  curve,  and  com- 
pare the. angular  velocities  of  the  distance  and  perpendicular  on  tan- 
gent, and  shew  that  in  different  similar  ellipses,  round  same  force  in 
focus,  the  angular  velocity  at  same  distance  from  the  axis  vanes  aa 

1 

(dist.)* 

9.  If  any  number  of  bodies  revolve  round  a  common  centre,  and 

centripetal  force  oc  yr-, — —•    The  htera  recta  of  the  orbits  described 
(dist.)* 

will  be  in  the  duplicate  ratio  of  the  areas  described  in  the  same 

time. 

10.  Determine  the  law  of  force  tending  tb  the  vertex  by  which 
a  body  may  describe  any  of  the  conic  sections. 

11.  Give  a  method  of  comparing  the  densities  of  the  Earth  and 
planets. 

12.  A  body  describes  an  ellipse  uniformly^  determine  the  law  of 
force  tending  to  either  focus. 

CORPUS  CHRISTI  COLLEGE,  MAr  1880. 
Sections  VI.  to  XI, 

1.  Find  the  place  of  a  body  in  a  parabolic  orbit,  corresponding 
to  a  given  time. 

2.  Given  the  time  between  the  nodes  of  a  comet's  orbit,  find  the 
position  of  the  line  of  nodes. 
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S.  Determine  geometrically  and  analytically,  the  times  of  aflcent 
or  descent  of  a  body  projected  from  a  given  point,  towards  or  from 
1;}ke  centre  of  force  with  a  given  velocity. 

4.  If  a  body  move  in  the  logarithmic  spiral  round  a  mass  of  at- 
tracting matter  placed  in  its  pole ;  determine  the  external  and  inter- 
nal spaces  due  to  the  velocity  at  any  point. 

5.  If  one  body  move  in  a  curve,  and  another  ascend  or  descend  in 
a  straight  line,  acted  on  by  any  kind  of  centripetal  force,  and  their 
velocities  be  equal  at  equal  distances  from  the  centre  in  any  one  case ; 
their  velocities  will  be  equal  at  all  other  equal  distances. 

6.  If  a  body  be  projected  at  a  given  distance  from  a  centre  of 

force,  in  a  given  direction  and  with  a  velocity  equal  to  that  from  a 

finite  distance ;  find  the  equation  to  the  orbit  described.     The  force 

1 
varying  as  -g^* 

7.  The  force  varying  as  -j^ ;  shew  under  what  restrictions  of  the 

velocity  of  projection  the  body's  approach  towards  the  centre,  and  its 
recess  towards  infinity,  will  be  limited  by  asymptotic  circles. 

€•     If  a  body  acted  on  by  a  central  force  which  at  any  distance  (r) 

m        A* 
=  —  +  — *  be  projected  from  an  apse  at  a  distance  from  the  centre 

s=    /-  :  find  the  polar  equation  to  the  orbit  described,  and  shew  that 
the  time  of  describing  an  angle  (0) 

9.  The  difference  of  the  forces  at  corresponding  points  in  the 
fixed  and  revolving  orbit  varies  inversely  as  the  cube  of  the 
distance. 

10.  Explain  Newton's  method  of  finding  the  angle  between  the 
apsides  in  orbits  nearly  circular,  and  apply  it  when  the  force 

=  m.r+-- 

11.  Find  the  time  of  an  oscillation  in  an  epicycloid,  the  body 
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being  acted  upon  hy  a  repukrve  force  varying  aa  the  ^Kfttantee  from 
tb6  centre  of  tbe  gfobe. 

12.  Determine  under  what  drcunkstahces  a  body  will  describe  a 
Gircle  on  a  surface  of  revdut£on,  wben  acted  on  by  forces  in  a  plane 
passing  through  the  a^. 

13.  Find  the  tension  of  a  penduluni  moving  in  a  spheridil 
Bur&ce. 

14.  If  two  bodies  acted  on  only  by  their  mutual  attractions  be 
projected  in  given  directions  and  with  given  velocities^  determine 
their  motbns;  the  law  of  attraction  being  the  inverse  square 
of  the  distance. 

15.  Determine  the  motions  of  a  system  (^  bodies  attracting  each 
other  with  forces  varying  directly  as  the  distances  between  their 
centres,  and  also  the  periodic  time  of  any  one  of  the  bodies. 

16.  Define  the  central  disturbing  force  on  the  I^oon;  find  an 
expression  for  it,  and  shew  that  its  mean  value  as—  )  £he  mean  ad« 
difitious  force. 

17.  When  the  force  varies  as  the  distance,  shew  that  there  will 
be  no  disturbance.  Had  this  law  pervaded  the  universe,  what  would 
have  been  the  consequence  ? 

18.  Why  are  the  prind^es  of  the  ninth  Section  iioappUcable  to 
the  complete  explanation  of  the  planetary  motions? 

19.  Find  the  effects  produced  by  the  ablatxtious  foroe  on  the 
motion  of  the  nodes. 

20.  Determine  under  what  condition  a  body  will  describe  an 
ellipse,  when  acted  upon  by  three  masses  of  attracting  matter  5  one 
situated  in  the  centre,  whose  attractive  force  is  directly  as  the  dis- 
tance, and  one  in  each  focus,  the  law  of  whose  attraction  is  the  in«- 
verse  square. 


CAIUS  COLLEGE,  May  1830. 

1.  Thb  spaces  which  a  body  describes,  when  acted  upon  by  any 
finite  force,  are  "  ipso  motus  initio"  in  the  duplicate  ratio  of  the 
times. 

2.  Find  the  equations  of  motion  of  a  body  moving  in  a  plane  and 
acted  upon  by  any  forces  in  that  plane. 
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S.  A  body  being  acted  apon  by  a  central  foroe^  the  areas  described 
are  in  one  plane,  and  are  proportional  to  the  times. 

4.  A  body  moving  in  any  orbit  whatever  is  acted  upon  by  a 
force  tending  to  a  given  fixed  centre ;  determine  the  force. 

5.  A  body  u  acted  upon  at  every  point  by  a  force  which  is  pro- 
portional to  its  distance  from  a  given  centre  towards  which  it  tends : 
find  the  orbit  described,  and  the  position  and  magnitude  of  its  axes. 

6.  Prove  that  the  force  by  which  a  body  will  describe  the  opposite 
hyperbola  round  the  focus  is  repulsive  and  varies  as  j^ 

7.  The  velocity  in  a  curve  at  any  point  is  equal  to  that  generated 
by  the  fon»  at  that  point,  continued  uniform,  and  acting  on  a  body 
while  it  moves  through  one-fourth  of  the  chord  of  curvature  drawn 
at  that  point  through  the  centre  of  force. 

8.  Find  the  time  of  a  body  describLng  any  portion  of  a  parabola 
about  a  centre  of  force  in  the  focus. 

9.  A  body  falls  from  rest  from  a  given  point  towards  a  centre  of 
force :  required  the  laws  of  force  for  which  the  time  can  be  found. 

Find  the  time  to  the  centre  when  the  force  varies  as  ^* 

10.  If  a  body  move  in  a  curve,  and  another  body  move  in  a 
straight  line,  acted  upon  by  the  same  central  force ;  and  if  their 
velocities  be  equal  at  any  corresponding  equal  distances  fsom  the 
centre,  they  will  be  equal  at  any  other  equal  distances. 

11.  The  force  varying  as  D*,  deduce  the  apsidal  equation,  and 
determine  ihe  number  of  possible  roots  which  it  will  admit. 

12.  The  difference  of  the  forces  by  which  a  body  may  be  made 

to  move  in  the  fixed  and  in  the  moveable  orbit  varies  as  rr:  from 
'  the  centre. 

IS.  Find  the  time  of  an  oscillation  in  the  hypocydoid ;  the  force 
tending  to  the  centre  of  the  globe  and  varying  as  the  distance. 

14.  The  inclination  of  the  Moon's  orbit  to  the  ecliptic  is  greatest 
when  the  line  of  nodes  is  in  syzygies,  and  least  when  it  is  in 
quadratures. 


Digitized  by  VjOOQIC 


184  JBXAMINATION  PAPERS.    [CoiuS  ColL  1830. 

15.  Find  the  mean  disturbing  force  on  the  Moon  in  a  whole 
revolution^  and  compare  it  with  the  mean  addititious  force. 

16.  Find  the  attraction  of  a  sphere  on  a  particle  placed  without 

it^  the  law  of  attraction  being 

m 
mr  +  — . 

17.  Find  the  horary  motion  of  the  nodes  in  the  Moon's  orbit, 
supposed  circular. 

18.  If  a  system  of  bodies  moving  freely  be  acted  upon  only  by 
their  mutual  forces,  the  sum  of  each  particle  multiplied  into  the 
projections  of  the  areas  described  about  a  fixed  point  is  proportional 
to  th^  time. 
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TRINITY  COLLEGE,  1823. 


1.  How  much  paper  30  inches  wide,  would  be  required  to  hang 
a  room  which  is  16  feet  by  14  feet^  and  9  feet  high  ? 

2.  Calculate  the  common  logarithm  of  99  to  four  places  of 
decimals,  the  Napierian  logarithm  of  10  being  2*3026  nearly. 

S.    Solve  ihe  following  equations : 

(„.Hf+i_,._.8-^..' 

^'5ar  —  7  x+1 

(3).  ax'^  +  b^x  +  c^^d\ 

(4).  8ar-3y=19  +  ^^4-^;  and  3jr- 55^  =  18 -^^ff^. 

(5).  4a:*  -  9a;*  -  lla:«  +  3a:«  +  7ar  +  6  =  0. 

4.  BD,  CD  are  perpendiculars  to  the  sides  AB,  AC  of  the 
triangle  ABC,  and  CE  is  drawn  perpendicular  to  AD ;  prove  that 
the  triangles  ABC,  ACE  are  similar. 

5.  Prove  that  the  introduction  of  imaginary  quantities  does  not 
vitiate  an  algebraical  reasoning. 

6.  Express  the  arc  whose  sine  is  x,  the  radius  of  the  circle 
being  a,  in  terms  of  an  arc  of  the  circle  whose  radius  is  unity. 

7.  Two  spectators  at  given  places  observe  at  the  same  instant  a 
balloon,  which  rises  into  the  air  at  an  uniform  rate ;  and  after  a 
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giyen  interval  of  time  they  again  observe  it :  they  note  down  its 
azimuths  and  altitudes.     From  these  data  find 

( 1 ).  The  two  elevations  of  the  balloon. 

(2).  The  rate  at  which  it  moves. 

(3).  The  direction  of  the  wind. 

8.    An  equation  of  n  dimensions^  in  which  p  ^successive  terms 
are  wanting,  cannot  have  more  than  n  —  p  +  1  real  roots. 


2a—--      ^  'tan.iid 

/I  •  c* 

if  COS.*  =  ->  and  rr-  occurs  (n  —  I)  times. 
c  2a 

10.  Two  ^vea  circles  touch  each  other  intemdly;  find  tie 
locus  of  ihe  centres  of  ^  circles  whibh  can  be  dirawik  to  touch  botih 
the  circles. 

1 1  •     Deduce  the  equations 

(1).  To  the  surface  of  a  pfiVaboloid. 

(2).  To  the  curve  of  the  thread  of  a  screw. 

(3).  To  the  curve  made  up  of  an  equilateral  hypefbolSa*,  and 
the  drde  which  touches  it  at  the  vertices. 

12.  If  a  false  die  have  its  angles  all  righty  and  two  of  its  oppocdte 
sides  squares,  but  their  distance,  instead  of  being  equal  to  a  side  of 
the  square,  bearing  to  it  the  ratio  of  vr  to  1 ;  then  will  the  probability 

that  one  of  the  square  faces  will  turn  up  be  -  ;  0  being  the  arc  whose 


sme  IS 


1  +n« 


13.    Assuming  the  curve  of  spe^est  descent  from  6ne  given 
point  to  another,  find  the  actual  time  of  desctot. 


X    \otf  t/ 

14.     Difierentiate     '.  ^  ■  twice  successively,  and  prove  that 
y.log.a:  ''         ^ 

xyz  X  *  y  *  z  U«      «y       rfV       2*  "^  2y  "^  2z* 
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15.  Difierentials  of   the  farm  (a  -(-  csf^Yafdx    can  be    made 

rational^  if  the  three  quantities  n,  ,  n  -\ are  not  all 

fractions. 

16.  Integrate  i**d»,  and  {a  +  a^x  +  *••  -f-  fl««*)  Ac^; 

^  ,      ,  dy       7a*  —  5a?V 

Solve  the  equation  rr-  =  — ,y  «  ^      ' 

1 7-  Find  the  curve  which  has  this  property,  ihat  the  perpendicular 
let  fall  from  a  fixed  point  upon  the  tangent  at  any  point  is  a  mean 
proportional  between  a  given  line,  and  the  distance  of  the  two  poiiitfl ; 
and  consider  every  curve  which  solves  the  differential  equation. 

18.    Sum  the  following  series : 

(1).  2  +  5  +  11  +  2S  +  &c.  to  10  terms. 
(2).  1.3.5+  2.4.6 +  &C  ton  terms.  , 

|-  &C.  to  n  terms,  by  increments. 
Y  g  g  +  &C.  f »  inf. 


'  +  * 


^i+l  '  «+  1   *  <«*+l  '  a*+I^ 
continued  indefinitely  both  ways. 

19.  A  and  B  play  with  false  dice,  such  that  neither  il's  ace, 
nor  V%  sLze  can  turn  up ;  they  throw  together  for  £10,  to  be  won 
by  the  highest,  but  to  be  divided  equally  if  the  throws  are  equal : 
what  is  A'%  chance  of  winning,  and  what  u  his  chance  worth  ? 

20.  There  are  two  spheres  of  equal  diameter  and  weight,  the  one 
solid,  the  other  hollow,  and  the  specific  gravities  of  their  materials 
are  known,  but  not  accurately :  with  aid  of  a  conkparison  of  their 
momenta  of  rotation  discover  very  accuiatdy  their  specific^  gravities, 
smd  the  thickness  of  the  shell  of  the  hollow  sphere. 

21.  State  the  error  in  the  estimated  motion  of  &e  Moon's  apogee, 
by  which  Astronomers  before  Clairaut  were  perplexed,  and  point 
out  the  fallacy  from  which  it  arose. 

22.  The  curve  of  speediest  descent  from  a  ^ven  point  to  a  given 
vertical  plane,  is  a  cydoid,  l^e  axis  of  which  is  in  the  given  plane. 
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TRINITY  COLLEGE,  1824.. 

1.  Expand  —t-; — vT:  Vy  ^e  binomial  theorem. 

2.  Required  the  present  value  of  an  estate  of  £1500  a  jear,  at 
3  per  cent  compound  interest. 

3.  The  sides  of  a  plane  triangle  being  a,  b,  c,  prove  that  the 
perpendicular  on  (a)  from  the  opposite  angle 

=  i-  >/{2a«&2  +  2a2c«  +  26^  -  (a*  +  6*  +  c*)}. 

4.  The  product  of  (it)  consecutive  integers  is  divisible  \xj 
1 . 2 . 3  •••  (»).     Required  proof. 

5.  Let  Pj9  be  an  ordinate  to  the  diameter  AB  of  a.  circle,  meet- 
ing the  circumference  in  P,  p :  draw  AP,  Bp  intersecting  in  Q : 
required  the  locus  of  Q, 

6.  (1).  Given  x  +  ^  ==    5, 

^  +  y*  = 

(2).  Solve,  by  De  Moivre's  formula,  the  equation 
«*  +  1  =  0. 

(3).  Find  the  number  of  positive  and  of  negative  roots  in  the 
equation 

x*  -  5x*  —  15x«  +  85arV— 26x  -  120  =0. 

(4).  In  the  equation  oc^  —  4a:*  +  x  +  6  =  0.     Required  the 
sum  of  the  cubes  of  the  roots. 


^Xl.^^\}&r^i(.^)'niiy). 


7.  Deduce  the  equation  of  equilibrium  on  the  inclined  plane, 
from  the  principle  of  the  lever. 

8.  In  the  ellipse  or  hyperbola,  if  lines  drawn  from  the  extremi- 
ties of  any  diameter  to  any  point  in  the  curve  intersect  the  major, 
axis  in  angles  9,  6^,  prove  that 

tan.O  .  tan.d'  =  q:  — • 

9.  Determine  which  is  the  greatest,  and  which  the  least,  of  the 
three  squares  which  may  be  inscribed  in  a  given  triangle. 
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10.  If  «^  &,  y,  be  the  angles  which  the  diagonal  (i)  of  a  paral- 
lelepiped makes  with  the  edges^  a,  6,  c,  prove  that 

d  =  a  cos.di  +  b  CO8.0  +  c  COS.7. 

11.  The  equilibrium  of  a  balance  having  been  disturbed  by  the 
addition  of  a  very  small  weight  to  one  of  the  equal  bodies  weighed 
in  it,  required  the  corresponding  inclination  in  th6  needle  of  &e 
balance. 

12.  Required  the  number  of  imaginary  roots  in  the  equation 

x'-  ^  Sx*  +  5x3  _  30x2  +  6a:  —  36  =  0. 

13.  (1).  Explain  the  method  of  finding  the  absolute  msximum 
and  minimum  values  of  a  function  of  two  variables,  and  deduce 
the  criterion  which  serves  to  determine  whether  the  result  be  a 
tnaximum  or  a  minimum. 

(2).  Amongst  all  triangular  pyramids  of  given  base  and  al- 
titude^ to  find  that  which  has  the  least  surface. 
14>.    An  ellipsoid  being  given  in  space,  determine  its  centre. 

15.  (1).  If  a  body  acted  on  by  a  central  force  describe  a  polar 
curve  whose  equation  is  r  =  ^{u),  shew  that 


{h)  denoting  twice  the  area  described  in  the  unit  of  time. 
(2).  Required  the  value  of  (/)  in  lines  of  the  second  order. 

16.  Find  from  what  axis  a  body  must  be  suspended,  that  it  may 
oscillate  in  the  least  time  possible. 

1 7.  If  to  the  sine  of  any  arc  in  a  circle,  whose  radius  is  (r), 
there  be  added  the  corresponding  cosine,  with  its  proper  sign,  prove 
that  the  locus  of  the  points  so  determined  will  be  an  ellipse  whose 
axes  are 

2rVCl  +V{1  +  V(1  + )}] 

2rV[l-V^{l- V(l- )}]. 

18.  Given  one  principal  axis  of  a  system,  to  find  the  other  two. 

19.  A  cylindrical  shell  of  small  thickness  unrolls  itself  from  a 
vertical  string  which  passes  over  a  fixed  pulley,  and  has  a  weight 
attached  to  its  extremity ;  find  the  tension  of  the  string. 
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20.    Differentiate 

(1). 

•=V:^:- 

(2). 

tf  ss  log.  taiL  — 

Au-        ^        . 

*^" -(!  +  *«)» 

(2). 

du^M  Bec30. 

(9). 

a*rf*y  —  ydifi  =  0. 

21.  Let  AP,  APy  AP'  --be  synchronous  arcs  of  any  number 
of  inverted  cydoids  originating  in  A,  and  having  their  bases  in  the 
same  horizontal  line ;  required  the  nature  of  the  curve  which  passes 
through  the  points  P,  /■*',  P"  ••• . 

22»  A  fljing  bridge  is  established  on  a  river  of  known  breadth 
and  of  uniform  current ;  the  cable  being  fixed  at  a  point  equi-distant 
from  the  banks^  what  must  be  its  lengthy  in  order  that  the  velocity 
of  the  bridge  when  half  way  across  may  be  the  greatest  possible  ? 

23.  If  the  horizon^  parallax  of  the  Moon  be  accurately  ob- 
served^  at  the  same  time^  in  two  different  latitudes^  shew  that  the 
ratio  of  the  equatorial  and  polar  diameters  of  the  Earth  may  be  thence 
determined. 


TRINITY  COLLEGE,  1827. 

1 .  DssoRiBE  a  circle,  which  shall  pass  through  three  given  points 
that  are  not  in  the  same  straight  line. 

2.  A  sum  of  £400  is  due  in  two  years,  and  one  of  £2,100  in 
eight  months.  Find  die  equated  time  of  one  payment,  interest  being 
5  per  cent. 

S.  If  from  one  of  t)ie  angles  of  a  rectangle  a  perpendicular  be 
let  fall  on  the  diagonal  D,  and  from  the  point  of  intersection  per- 
pendiculars P,  p,  be  let  fall  on  the  sides  containing  the  c^^posite 
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angle^  then  will 

4.     Solve  the  following  equations : 
(1).    |  +  8j^=194, 
I  +  8«  «  ISl. 


(2). 
(3). 


an 


(4).     Find  the  value  of  dr  to  4  places  of  decimals  in  the 
equation  S** .  2**  =  10000, 

log.  2  being  =  -3010300, 

log.  3  =-4771213. 

C  a*  -\-  y*  ss  b*  } 

5.  If  the  equation  i       .  {  l?e  solved  by  ipeans  of 

^  X  -|-  y  — .  a  3 

intermediate  quadratic  from  which  xy  is  obtained,  the  negative  value 
in  this  last  equation  must  always  be  taken  in  order  to  obtain  the 
possible  values  of  x  and  ^. 

6.  The  sum  of  n  quantities  in  arithmetic  progression  s  a,  and 
the  sum  of  their  squares  =?  b* ;  find  them. 

7.  A  cask  is  full  of  wine  and  contains  (a)  gallons :  b  gallons  are 
drawn  from  it  and  the  void  filled  with  water :  b  gallons  of  the  mix- 
ture are  then  drawn  from  it,  and  replaced  as  before  by  water.  How 
much  wine  will  remain  in  the  cask  after  the  process  has  been  re- 
peated n  times  ? 

8.  Explain  the  method  of  finding  in  the  tables  a  number  corre- 
sponding to  a  given  negative  logarithm* 

9.  Havmg  given  the  side  of  a  legular  polygon  of  n  sides,  find 
its  area. 
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1 0.    Sum  the  following  series : 

(IV 1 U  -— -  +  &c   ad  infinUum. 

(2).  1«  —  2«  +  3«  -  4«  +  &c  ±  X*. 
(3).  Shew  that 
s  siiLd  +  }  .  a:«  8in.20  +  J .  ar'  ain-SO  +  &c.  flif  infinitum. 

xsin.O 
=  tan.-* 


1— x.cos.^ 
11.     Shew  that 
{a  +  6  >/(  -  1)}-  +  {a  -  6  ^(  -  !)}•  =  2(fl«  +  &«)«•  .  cos.  ^^, 


where  cos.  0  ^ 


V(«»  +  ^') 


12.  An  impossihle  root  of  a:»  —  1  a=  0  is  «.  Prove  that  any  n 
consecutive  terms  of  the  series 

«-^  «-«,  «-»,  «^  «S  ««,  &c. 

are  the  It  roots  of  the  equation, 

13.  AB,  CD  are  two  arcs  of  a  circle  intercepted  hetween  a 
chord  and  a  given  diameter.  Determine  the  position  of  a  chord,  so 
that  one  arc  shall  be  triple  of  the  other. 

14.  Let  d  be  the  angle  observed  at  a  point  in  the  horizontal 
plane,  between  two  objects  whose  altitudes  (which  are  small)  are 
a  and  6.  Then,  if  0  +  $9  be  the  reduced  horizontal  angle,  M  will 
be  nearly  equal  to 


/a+6\«  e       /a^by 


15.  Six  persons  are  to  be  placed  by  lot  at  a  circular  table:  what 
are  the  chances  against  any  two  assigned  friends  being  seated  next 
each  other? 

16.  Determine  the  equation  and  position  of  the  rectilineal  and 
hyperbolic  asymptotes  of  the  curve,  whose  equation  tt 

x^  —  Saxy  +  ^'  =  0. 
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17«  Explain' what  is  meant  by  cusps,  by  multiple,  and  ocmjugate 
points  in  a  curve.  Shew  whether  such  points  exist  in  the  curves 
whose  equations*  are 

(1).  fly«  -  «» =  0. 

(?).  {y  -  flx«)«  s  bx^. 

(8).  fly«-«:>-6x«=xa 

(4).  (««-fl«)«+0^«-**)«  =  O. 

1 8.    Int^;iate  the  following  diflfarentials : 
^^'  1+4^* 

(8).     '''^ 


(l+ar)« 

19.  Detennine  the  equation  to  the  curve  in  which  the  radius  of 
curvature  is  inverselj  as  the  abscissa. 

20.  Find  the  centre  of  gravity  of  the  thread  of  the  screw. 

SI.  State  the  principle  of  virtual  velocities,  and  by  it  prove  that 
the  centre  of  gravity  of  a  system  of  heavy  bodies  connected  together 
in  any  invariable  manner,  is,  when  they  are  in  equilibrium,  at  the 
highest  or  lowest  point. 

22.  Prove  the  centres  of  oscillation  and  suspension  to  be  con- 
vertible :  and  shew  the  use  of  this  property  in  detennining  prac- 
ticaUy  the  length  of  a  pendulum  which  shall  oscillate  seconds. 

23.  Shew  how  the  curve  of  quickest  descent  between  two  given 
points  may  be  constructed,  assuming  it  to  be  a  cydoid. 


TRINITY  COLLEGE,  May  1828. 

1.  Iv  the  square  described  upon  one  of  the  sides  of  a  triangle  is 
equal  to  the  sum  of  the  squares  described  upon  the  other  two;  the 
an|^  contained  by  these  two  is  a  right  angle. 

2.  In  a  given  drde  to  inscribe  a  trian^  equiangular  to  a  given 
triaagla 

8.  To  draw  a  straight  line  pexpendicular  to  a  plane  from  a  given 
pomt  above  it. 

o 
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^*  Sb^w  t^t  f(^  9^7  B^S?  ^  ^^^  <^rati(^  for  fipdinf^  ihe 
greatest  poni&mpn  measure  of  two  algebraical  expressions^  a  factor 
may  be  introduced  into  or  expunged  from  eitber  divisor  or  diyidendj 
wbicb  does  not  appear  in  tbe  other. 

5.  Prove  tbat  for  all  Tallies  afii  At  tw<|  tmt  lerms  of  tbe  expan- 
lion  of  (1  +  xfaiel  +  jwu 

6.  Determine  in  t^bat  cases  ^-^^  aX^  '^k'lB  possible  and  in 
wbat  impossible. 

7.  Every  equation  ef  aa  e^  nupbav  ^f  dimfnsions  bas  at  least 
one  real  root^  and  every  equation  of  an  even  number  of  dimensions 
whose  last  term  is  negative  has  at  le%|(  tw6  rey4  foots,  one  positive 
and  tbe  other  negative. 

8.  Find  tbe  amount  and  tbe  'preS6i}t  vort^  of  an  annuity,  at 
compound  interest. 

9.  Given  the  three  sides  a,  ft>  e,  of  a  triangle^  c  being  nearly 
equal  toa  +  b.    Find  the  angle  C. 

IQ,  Investigate  a  gea^  ^pression  fpr  the  tim|^pt  gf  the  sum 
of  any  nuiQber  of  vm  ia  tenps  (tf  the  tange4ts  of  the  vfoa. 

11.    In  a  sphttlcal  triangle 

^     A  +  a      ^T"     ^  G 

COS.— g— 

It.  Prove  Napier^s  rules  when  one  of  the  sides  is  tbe  middle 
part 

13.  The  projection  of  a  circle  on  a  plane  inclined  at  any  angle 
to  its  plane  is  aq  ellipse.    Prpy^  \l^  f^^d  b^Qpe  sbeiY  that 

PF.FG:Qf^:.CP^:Ciy. 

14.  The  subcontrary  section  of  an  oblique  cone  is  a  dtcle. 

15.  There  can  be  no  more  than  fif^  i:egular  solids* 

1 6.  Find  direedy  the  dlArenUal  eoeffident  of  eos.x. 
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18.  Timiifqrm  the  oqu^tiqp  to  the  l^mnUpfttA 

from  VMlanfp^liff  to  polar  ocM>rdinatei,  and  then  find  ita  aiea. 

19.  Inyestlgate  the  method  of  determinbg  the  maidma  and  minima 
of  a  Amotion  of  two  variables^  and  the  criterion  for  dlstinguiahing 

20.  The  xwfmt  ^  the  lei ultant  of  two  foBooi  aetiii  g  op  a  l«vai 
at  the  flame  pQiBLt|i8  equal  to  the  sum  or  difierence  of  the  moments  of 
the  ctomponents^  according  as  they  tend  to  turn  it  the  same  or  dif- 
ferent ways. 

21.  Prove  that  the  times  of  deioent  down  all  choTds  drawn  to 
the  lowest  point  in  a  circle  are  equaL  Does  this  hold  when  the 
^lanQ  of  the  diple  {s  qot  vertiaal  ? 

22.  Investigate  the  equations  of  motion  in  a  plane 

81.  De^  the  pe^tn  of  peixHiimiif  md  deduce  the  formula  for 
determining  it. 

24.  Define  the  principal  axes  of  a  system^  and  shew  that  they  are 
at  riijht  ani^  to  each  other. 


TWNITY  COI^LEGB,  Ma¥  1888. 

1 .  Explain  fldly  the  rule  for  the  diviaion  et  one  algdiraical  ex- 
presnon  by  another»  particularly  as  regards  the  arrangement  of  the 
tanm  in  each* 

2.  If  f  lom  the  ouhe  of  any  odd  numbav  greater  than  1  the  numbet 
itself  be  subtracted^  the  remainder  will  be  divisible  by  24. 

3.  Given  two  points  A,  B,  within  a  circle.  Determine  the 
point  P  in  the  circumference  such  that  the  angle  APB  shall  be  a 
maximum. 

4.  Ob  a  given  base^  triangles  are  described  such  that  the  vertical 
angle  is  always  an  arithmetic  mean  fietween  the  angles  at  the  base. 
Determine  the  locus  of  the  vertices  at  the  triangles. 

o  2 
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5.  A  given  cone  is  cut  by  a  plane  passing  thioagh  a  point  in  -the 
dxcumferenoe  of  the  base.  Find  the  podtion  of  the  plane  when  the 
aiea  of  the  section  is  a  maximum  or  minimum ;  distinguish  between 
the  two  cases^  and  shew  what  are  the  limits  of  the  values  of  the  ver- 
tical ftng»ft  of  the  cone  which  admit  such  a  maximum  or  minimum. 

6.  APB  is  a  quadrant^  AP  any  arc,  Pilf  itssine.  \BJtf  is  drawn 
intersecGng  the  radius  CP  in  Q.    Find  the  locus  of  Q. 

7*    Sum  the  following  series : 

ad  infinitum. 
(8).  co8«»  +  cos.«(«+i?)  +  cos.H«  +  2/3)  +  &c to  » terms. 
Shew  that  the  sum  of  the  third  series,  when  n$^9m/\A  indqmn* 
dent  of  the  value  of  tu 

8.  Three  persons  ^  ft  and  C,  agree  to  throw  a  single  die  sue* 
oessively  till  one  shall  have  thrown  an  ace.  Compare  their  respecU 
ive  chances. 

9.  From  a  bag  containing  2»+l  balls,  2»  are  taken  one  by  one 
so  that  the  1st,  Srd,  5th***  (2ii  —  l)th  balls  are  white,  and  the  2nd, 
4th,  Gth***  2nth  red.  Shew  that  the  chance  that  the  remaining  ball 
is  white  ss  the  chance  that  it  is  red,  and  find  the  chance  that  it  is 

'  neither. 

10.  A  given  beam  rests  on  a  fixed  point,  and  with  ito  end  against 
a  curve,  such  that  there  is  an  equilibrium  in  all  positions  of  the  beam. 
Determine  the  curve. 

11.  Integrate 

^*'*   {x-^/(x«-l)K         ^  ^'      8ec:d-tan.«  ' 


(8) 


•  — ; 7 • 

a  Bin«ap  *-  6  coa.ar 
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,  12.     Determine  the  relationg  of  x  and  y  in  the  following  eqna- 
tions: 

(I).  fl(far+(x  +  y)(ix-dy)=rO. 

13.  From  suocenve  points  in  a  horizontal  line  a  ball  of  given 
elasticitj  is  let  fall  on  a  given  inclined  plane.  Find  the  equation  to 
the  boundary  of  the  parabolas  described. 

14h  A  perfectly  flexible  chain  of  given  lengthy  being  placed  in  a 
given  position  on  the  circumferenoe  of  a  circle  whose  plane  is  verti- 
cal, slides  off  down  a  tangent  to  the  circle  at  the  point  which  the 
lower  end  of  the  chain' originally  reaches.  Required  its  velocity  in 
any  given  position. 

15.  Determine  the  equation  to  the  curve  symmetrical  to  its  axis, 
such  that,  when  suspended  by  its  vertex,  the  time  of  a  small  oscilla- 
tion in  its  own  plane  of  any  portion  of  the  curvilinear  area  cut  off 
by  a  line  ^perpendicular  to  the  axis  shall  be  constont 

16.  A  bullet  is  placed  in  a  straight  tube  which  is  made  to 
revolve  uniformly  in  a  vertical  plane.  Determine  the  motion  of  the 
bullet. 


TRINITY  COLLEGE,  Jan.  9,  1829. 

1.  Whbn  a  body  is  in  equilibrio,  its  centre  of  gravity  is  at  its 
highest  or  lowest  point. 

2.  Find  the  greatest  height  of  a  prqjectile  above  a  given  inclined 
plane,  passing  through  the  point  of  projection. 

S.    Find  the  moment  of  inertia  of  a  0  revolving  about  its 
diameter. 

4.  What  IS  meant  by  the  tenMUiiy  and  #/a6t£/y  of  a  balance : 
and  on  what  do  they  severally  depend  ? 

5.  If  a  be  the  height  of  the  fixed  valve  of  the  common  pump 
above  the  water,  h  the  length  of  the  stroke  of  the  piston^  and  h  the 


Digitized  by  VjOOQIC 


Heigbl  oP  a  cblaiAii  of  Water  in  eqailiblio  With  thib  &tinoft{>here,  ttie 
water  will  not  rise  above  the  piston  unless  b  be  greater  t6dfl 
(a  +  by 

6.  Explain  the  principle  of  th^  hydtotnetetr. 

7.  In  the  Astronomical  telescope^  the  magnifying  power  is 
increased  by  increasing  the  convexity  (f[  the  eye-glass :  within  what 
limits  is  this  increase  confined  ? 

8.  The  limb  of  a  quadrant  is  divided  into  spaces  of  6^  esAi,  and 
eleven  divisions  of  the  limb  correspond  to  ten  divisions  of  the 
vernier :  to  what  accuracy  will  the  instrument  read  odT^ 

9.  If  a  small  pencil  of  homogeneous  light  be  refracted  into  a 
sphere,  to  find  the  Z  of  incidence,  so  that  the  rays  may  emerge 
paraUel  after  any  number  of  reflections  within  the  sphere. 

10.  Explain  the  necessity  and  reason  of  the  Gregorian  correction 
oi  the  calendar. 

11.  Is  the  aberration  of  the  moon  a  tefuSUe  quantitgr  ? 

12.  Find  the  precession  in  right  ascension. 

13.  In  what  mahner  do  we  deterDaine  the  altitude  of  the  Sun» 
Moon,  or  other  heavenly  body  at  sea  by  means  of  the  sextant  ?  How 
is  the  meridian  altitude  determined  ? 

14.  Find  the  law  of  force  tending  to  the  focus  of  the  h3rperbola. 

15.  When  the  f<Mte  nuies  as     ■    J^ ^  find  thb  angle  between 

the  apsides. 

16.  Make  a  body  oscillate  in  a  hypocycbld. 

17*  When  a  body  revolves  on  an  axis  and  a  force  is  imiHtetfledi 
tending  to  make  it  revolve  upon  Another,  it  will  revolvis  im  Aeithet> 
but  on  a  line  in  the  same  plane  with  them,  dividing  th6  angltt  whk^ 
they  contain,  so  that  the  sines  of  the  parts  are  in  the  inverse  ratio  of 
the  angular  velocities  with  which  the  body  would  have  revolved 
about  the  said  axes  separately* 

18.  The  increase  of  weight  in  gcnng  from  the  equator  to  the 
pole  oc  sin.^  latitude  nearly. 

19.  Explain  Newton's  method  df  determining  the  ratio  betw'een 
the  polar  and  equatorial  diameters  of  the  £arlh. 
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$0.    fexplatta  generallf  the  cauie  dl  Keap  and  Spriiig  Tidei. 
91.    What  ii  the  um  of  the  flj-wheel  in  machiBCry  ? 
82.    Let  any  feroes  aet  upon  a  syslem  meviog  xoand  a  fixed  axis ; 
to  find  the  pressure  on  the  Ub. 

1.    Explain  what  is  meant  hj  the  loeui  of  a  peiat.    By  the  in* 
tenection  of  two  loci,  solve  the  following  problems : 

(1).  To  describe  a  Q  whieh  IhttI  ^  thrbbgh  three  given 
points.  ^ 

(2).  To  find  a  point  at  which  three  given  h  plaeed  oontiga* 
ously,  and  in  the  same  |,  shaU  subtend  equal  Z*- 
State  the  ctrcumstanoei  uvAelt  whkii  the  problems  are  impossible. 

<.    FM  ^  Mgtb  dT  t&e  i.  ttH  fttl  AM  h  (^tM  {M^t  od  a 
S.    Reduce  the  following  fractions : 

(2). ,  t  n  imrrr  to  tme  having  it  rational  denominator. 

4.    Solve  the  following  equatiofii : 


'•n 


T-* 


^.    if  i^d  be  a  leal  nx)t  of  Des  tartes^  fedudttg  cuibic,  ^e  nott 
of  the  1iiqU«dntic  aie 

T=py("i"'i'"f75)' 
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6.  The  aAgle  observed  at  a  point  in  the  horizontal  plane  between 
two  objects  whose  altitudes  (which  are  small)  are  a,  b,  and  0.  Shew 
that  if  A  +  M  be  the  reduced  horisontal  Z>  M  will  be  nearly  eqiial  to 

7.  What  are  meant  by  conjugate  points  in  a  curve?  What  by 
cusps  ?    Do  such  pcnnts  exist  in  the:  curves  whose  equations  are 

(I).  («•-«»)«  4- (y« -*«)«=  0. 

(2).  (y-a:)«  =  a^. 

(8).  y  as  flx*  ±  ««*. 

8.  Find  the  rectilineal  and. hyperbolic  asymptotes  of  the  curve 
whose  equation  is 

9.  Having  given  the  inclination  of  tworplanes  to  each  of  the 
three  rectangular  oo*ordinate  planes,  find  their  indinatimi  to  each 
other* 

10.  Find  the  length  of  the  common  panJ)ola»  and  integrate  the 
diflerentials 

dx 
(1.) 


(2.) 


V(«  +  6a:  —  cx«) 
dx 


V(l  -  ar*) 

11.  Integrate  the  equation  ^  +  ^-X^  Qjf^R,  wheri 
P,  QpRsie  functions  of  x  only. 

12.  If  three  forces  keep  a  pomt  at  rest,  they  are  to  each  other  as 
the  sines  of  the  angles  contained  by  the  other  two. 

13.  Find  the  centre  of  gravity  of  the  figure  which  is  the  differ* 
ence  of  two  isosodes  jd^\  on  the  same  base,  and  on  the  same  side 
of  it. 

14*.  Assuming  the  principle  of  virtual  velocities,  shew  that  the 
centre  of  gravity  of  any  number  of  heavy  bodies  connected  together 
in  an  invariable  manner  is,  when  they  are  at  rest,  at  the  highest  or 
lowest  pdnts. 
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15*  Find  the  law  of  thicknen  of  a  string,  so  tbat  it  may  hang  in 
the  fonn  of  a  parabola  with  its  axis  verticaL 

16.  The  reflecting  curve  is  the  reciprocal  spiral,  and  the  radiating 

point  is  situated  in  the  pole.    Find  the  equation  to  the  caustic. 

« 

17.  Given  the  height  of  a  vertical  style,  the  senith  distance  of 

the  Sun's  centre,  and  its  apparent  diameter ;  find 

(1).  The  length  of  the  shadow  of  the  style. 

(2).  The  breadth  of  the  penumbra. 

(8).  The  distance  of  the  centre  of  the  penumbra  from  the 
point  corresponding  to  the  Sun's  centre. 

18.  A  given  cylinder  fiill  of  water  and  closed  at  the  top,  is 
whirled  round  its  axis  with  a  given  uniform  velocity ;  -  find  the 
pressure  on  the  lid. 

19.  A  particle  of  matter  is  situated  in  the  axis  of  a  paiabdoid, 
consisting  of  equal  particles,  each  of  which  attracts  with  a  force  pro- 
portional to  the  distance;  find  the  magnitude  and  position  of  a 
sphere  which  shall  attract  it  with  an  equal  force. 

20.  A  body  moves  on  a  rigid  logarithmic  spiral,  the  force,  which 
varies  inversely  as  the  nth'power  of  the  distance,  being  situated  in 
the  pde :  find  the  pressure  at  any  point,  and  where,  and  under  what 
drcumstanoes,  the  body  will  quit  the  spiral. 

21.  At  a  given  time  to  find  the  inclination  of  the  Lunar  orbit  to 
the  plane  of  the  ecliptic  Z^ewtan,  Book  III.  Pkop.  95-3 


TRINITY  COLLEGE,  Jmm  1829* 

t .    DisadBin  an  isosceles  triangle  having  each  of  the  angles  at 
the  base  double  of  the  third  angle. 

2.    Find  the  interest  and  ciiscomlt  of  £50d  for  7  months  at  8i| 
per  cent  per  anh.  simple  interest. 

8.    Find  the  value  of  V^  ^  —  2  +  ~  \   to  two  pIao»  of 
decimals. 
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4.  Prove  tbe  lunomiftl  theorem  when  the  index  ii  a  pontive 
uitlfMr,  and  write  down  the  nth  tenn  of  the  etzpaniioB  of  ■  i"^     "^* 

5.  I)6tet6iiitie  thd  oomt^ehjitttable  ^oM  of  At  «qii)^tb& 

6.  If  the  roots  bi^  the  equation 

a*  —  pa?-i  +  gi*-*  li^  &c.  as  6, 

are  all  poasible^  the  roots  of  the  equation 

fut^-i  -  (n  -  l)px«"'»  4-  (n  -  2)  .^a^-*  -  ii.  ^  6, 

lie  between  those  of  the  former.  If  the  former  equation  has  impos- 
Ahlt  Moti^  aA  odd  htihiter  dT  hwts  itf  thb  htt^  li^  betWMk  each  of 
txtdte  6i  the  fbrfher. 

7.  Shew  how  the  sine  of  1'  may  be  found. 

6.  determine  the  disiance  between  two  viable  but  itaaccesnfale 
objebts  on  a  horizontal  plane. 

9*  if  A,)B,  Che  the  angles  of  a  spherical  triangle^  and  S  ^e 
surface  of  the  whole  sphere^  the  area  of  the  triangle 

ii '  180<» 

10»    Also  if  a,  b,  c,  be  the  sides  opposite  to  the  angles  A,  B,  C, 

b 


.^i 


'^-f-      c 


cos.-^ 

11.    tVove  that  in  an  eUipse  SPY.  HP  tax  CD^. 
124    Expand  «*  In  a  series  prmseeding  by  powers  of  (x). 
1 3«    Having  given  the  equation  to  a  straight  line^  find  that  of 

another  line  which  is  perpendicular  to  the  former^  and  passes  through 

a  given  point. 

14.  Find  the  rectangular  equation  to  the  conchoid  of  Nicomedes, 
and  from  it  deduce  the  form  of  the  curve,  shewing  in  what  cases 
there  will  be  a  nodU8>  cusp,  or  conjugate  point. 

im  If  tKe  fofces  Pi  Q>  &c.  balance  the  forees  F,  (St,  to.  acting 
upon  the  arms  of  a  lever,  shew  that 

P.  Citf  +  Q .  Ci^+ &c«  F.CJtr  +  (?•  C2^+ &c. 
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#)ii^  Cl^,  dK  &C.  Hiia  cM  Ci^>  &c  ate  tU  p^ipehdiciibunftbin 
the  fulcrum  C  oh  tlie  dbrctibnft  of  the  forc^tf.  Aldo  tf  C  he  fiaadd 
the  origin  of  rectangular  co-otdinatei,  and  Rs  direetion  nutke  an 
^u^glc  («)  with  the  axis  of  (x),  and  or,  ^,  he  the  co-ordinates  of  any 
point  k  Ps  dif%eiioki>  prt>ve  that  CM^g  eM.^  '^  v  sfai.di« 

16.    State  and  illustrate  the  second  law  of  motion,  and  mention 
several  facts  from  which  lis  truth  inay  tie  inferred. 

17*    Find  the  time  of  oscillation  in  a  small  circular  arc. 

18.  State  the  principle  of  virtual  velocities ;  and  prove  it  eidiec 
generally,  or  in  the  ease  where  three  forces  act  upon  a  point. 

19.  Draw  m  tangent  to  an  ellipse  from  a  given  point  without  it. 


20. 


Prove  that  tan."*  .xsaar  —  --'  +  •-— &c. 

8        o 


21.  Sum  the  series  1^  -)-  !S^  -f  ^^  +  ^•*'  tb  (fi)  tertns. 

22.  Find  the  moment  bf  inertia  of  4  semicirde  ahout  its  dia- 
meter. 

23.  I^ind  the  equations  to  a  slriedght  line  in  Space ;  and  di^tehtt&ilr 
the  angle  which  two  lined,  whoste  equlitions  are  ^veA,  mbkb  Witt  ea^fi 
other. 

'  Wr.  Inv^tigate  the  )^hetal  ^tiAtiim  rf  eqtiiilihnuin  of  zAf  Add ; 
Md  «he#  hmi  i\te  equatiM  that  the  relnltant  dF  lh«  fbkea  it  toy 
point  in  the  surfiice  of  a  fluid  incomj^MSlhte  and  perilBCli|r  h%e  is  • 
BMAud  to  the  sttifaee. 


TRINITY  COLLEGE,  June  1829* 

1.  Ak  bqt&ilaterfil  tn&i^^Ie  and  ah  equil^tehd  and  e^uiaiigulalf 
pentagon  have  the  same  perimefer ;  compart  the  nkdii  df  the  dholes 
inscribed  in  them; 

S.  It  a  straight  line  he  perpendicular  tb  a  plane,  the  JJitjection  dt 
that  straight  line  on  any  other  plane  and  the  inteMi^tm  of  the  twO 
|>Ian(98  are  at  right  angles  to  each  other; 

i:  If  C  he  tlie  tentre  and  P  any  point  in  the  arc  of  An  (iliip^, 
find  the  angle  Odlitalned  hetween  CP  and  the  normal  at  Pj  and  de« 
iermine  the  point  P  where  that  angle  h  the  greatest. 
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4.  Shew  that,  i£  A  +  Bx  +  Ca^  sua  +  bx  +  cx^,  .for  three 
particular  values  of  (x),  A  mustss  a,  B  ssb,  Cssc. 

5.  What  must  be  the  form  of  {n), 

(1).  that  ^^'  may  be  even,        (2),  that  it  may  be  odd. 

6.  There  are  three  cask?,  each  of  which  contain  a  mixture  of 
water,  wine,  and  brandy  in  a  given  ratio ;  what  quantity  must  be 
taken  from  each  to  form  a  fourth  mixture,  which  shall  contain  a 
given  quantity  of  the  above  ingredients  ? 

7.  If  the  terms  of  an  equation  be  so  arranged  as  to  be  alternately 
positive  and  negative;  and  if  A,  A%  A",  be  the  coefficients  of  the 
Ist,  Srd,  5th  •••  B,  B^,  Bf',  of  the  2nd,  4th,  6th  terms  so  arranged, 
and  the  index  of  x,  in  each  odd  term  exceed  that  in  the  following 
even  one ;  shew  that  the  greatest  of  the  ratios 

B       V       V' 

A     T     T' 

is  greater  than  the  greatest  positive  root.    Apply  this  to  determine 
a  quantity  greater  than  the  greatest  positive  root  of  the  equation 

X*  —  IS**  +  67«»  -  171a:*  +  216*  -  108  =  0- 

8.  If  i4  and  £  be  two  fixed  points,  and  P  a  point  in  any  curve, 
sudi  that  AP  +  BP.  is  a  ''  minimum ;"  shew  that  AP  and  BP  make 
equial  angles  with  the  normal  at  P, 

9.  Calculate  the  Naperian  and  common  logarithm  of  1 1,  each  to 
five«  places  of  dedmals ; 

Naperian  log.2  =   •6931472 

Naperian  log.5  s=  1*6094379. 

10.  Trace  the  curve  whose  equation  is  ^i^  —  a*x  +  J*  as  0,  and 
4raw  its  rectilinear  and  hyperbolic  asymptotes* 

Shew  also  that  the  whole  area  intercepted  between  the  curve  and 
the  h3rperbolic  asymptote,  and  corresponding  to  the  positive  ordinate 
in  the  curve,  is  s  a*. 

11.  It  z  ^f(x,  y)  be  the  equation  to  a  curve  surface  referred  tb 
three  rectangular  axes,  and  (» )  the  volume  included  under  a  portuni 

of  the^'surface,  prove  that  -r^  ss  z  ;  and  apply  this  expression  to 
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find  the  volume  cat  off  by  the  planes  of  xy,  yz,  and  a  plane  parallel 
to  that  isiyzt  in  the  nufaoe  whow  equation  ia  a*  4-  y*  +  oz  s  6*. 

12.  A  bag  contatna  16  balls^  7  of  which  are  white;  if  5  are 
taken  indiscriminately,  what  is  the  probaUlitj  of  taking  three  white 
ones^ 

IS.  How  does  it  come  to  pass^  that  what  appears  sufficiently 
Strang  in  a  models  is  frequently  very  weak  when  executed  in  large 
^^lln#m■mn^  acoordiug  to  the  modd?  niustrate  this  by  the  oonsidenu 
tion  of  two  similar  prismatic  beams  fixed  in  a  wallj  acted  upon  only 
by  their  own  weight. 

li.  If  two  lines  SP,  HP,  revolve  about  two  fixed  pomts  S,  H, 
so  that  S'P  X  HP  =  ti^.CS^,  (C  bebg  the  middle  point  of  SH), 
findtheequation  to  the  curve  of  which  Pis  the  locus;  and  determine 
its  form  according  as  (»)  is  greater  than>  equal  to,  or  less  than 
unity. 

15.  Draw  a  plane  which  shall  touch  two  given  spheres,  and  pass 
throu^^  a  given  point. 

16.  Sum  the  following  series : 

1.2— 2.S  +  S.4*>  ^  ^ 

17.  Prove  that 


; 


itokMe 


*    =rrr-> 


V(cos.<a  +  tan.*6}\  6=3/       sin.a 


and  find  the  relation  between  («)  and  (fi),  when 

—  +  tt  =  ii  cos.md, 
and  from  the  general  solution  deduce  the  result  when  m  ss  1. 

18.  Determine  the  curve  which  shall  cut  a  Series  of  circles  which 
touch  each  other  at  the  same  point,  so  that  the  tangents  to  the 
circles  at  the  points  of  intersection  shall  pass  through  a  given 
point. 

19.  Having  given  a  solution  of  a  proposed  differential  equi^ouj 
determine  whether  it  is  comprised  in  the  complete  integral  or  not. 
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9Qf  A  nnifom  ladder  ii  plfu^  in  a  vertical  plane  agamit  aif 
upright  w^la  and  a  lUgbt  qwtian  if  coiqmunicatcid  fo  it,  ip  a«  jnit  tq 
mov^  it  out  of  the  perpendicular  j  find  the  time  of  its  falling  through 
a  given  angle. 

21.  A  given  triangle  of  uniform  densitj,  and  moveable  about  th^ 
perpendicular  from  one  of  itf  angular  |Knnts  on  the  opposite  side  as 
an  axis,  js  struck  hy  a  given  force  applied  at  its  c^tre  of  gravity ; 
find  ^he  pressure  produced  on  thQ  axis,  and  the  angular  yelodty 
communicated  to  ^e  triangle. 

22.  What  is  the  common  theory  of  the  arch  f  Why  is  i\  ifup^TT 
f^t  IP  a  practical  point  of  view?  Explain  how  the  true  theory  is 
connected  with  that  of  rpofs,  and  ^hy  th^  pointed  i^^ch  mu;t  carry  a 
heavy  load  on  its  ve^x» 

83.  Explain  the  physical  cause  of  solar  precession  and  |oI^ 
nutation ;  and  determine  the  angular  velocity  generated  by  the  force 
of  th^  Sun  on  the  Earth's  surface  considered  a  homogeneous  spheroid, 
the  intqprals  of  x*dm,  y*dm,  and  xydm  for  the  whole  spheroid  being 
given. 


TRINITY  COLLEGE,  Mat  ISSa 

1.  Upon  a  given  straight  Ime  to  describe  a  segvaeat  of  a  circle 
containing  an  ai^le  e^ual  to  a  given  ractUiaial  angle; 

2.  Reduce  the  fraction  ^J,  1"]^^^^^^  ^s  ^  ^^  ^^ 

terms. 

« 

S.    Fmd  the  interest  on  £57. 19$.  for  9  months  at  2J  per  cent. 

4.  Oiva  a  method  of  approximating  to  the  fith  loot  of  a  number, 
i|nd  apply  it  to  the  cube  root  of  1010. 

5.  Give  Cardan's  solution  of  a  cubic  equation,  and  shew  that  it 
fails  unless  two  roots  be  impossible,  or  two  roots  equal. 

6.  Resolve  afi  +  1  into  its  quadratic  factors. 

7.  In  a  plane  triangle  having  given  two  sidea  and  the  included 
anglcj  deterpiin^  th€  rem^iag  angles. 
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S,  (oM|.a  +  \/  —  *  TO.a)"  85  Qo^na  +  y  -.  1  rim»a*  ]Pirove 
this,  whether  (»)  be  whole  or  fractional. 

0.  Haling  gi?«n  the  aides  of  a  iphericiil  triangle  d^termioe  the 
aba  ttf  half  ana  of  the  angle**  and  adi^l  the  farmidii  tp  Itynthmy 
oomputaticm. 

10.  If  0  be  the  right  angle  in  a  righUangled  sp||«lcal  triangle, 
And  the  variation  of  the  ride  (a)  eonesponding  to  a  snuU  lariation 

>c  in  (c);  and  shew  that  when  c  s  90^  the  variation  is  —        ^        * 

11.  Determine  the  length  of  a  perpendicular  from  a  given  point 
on  a  line  whose  equatipn  is  given. 

12.  Determine  the  position  of  the  centre  and  magnitude  of  the 
WEei  gf  the  elUpee  whose  equation  is  9yt-^4«<+l^->-  I6x«-^7ss0. 

IS.  State  the  principal  steps  in  the  reasoning  hj  wbioh  it  mttjf  be 
ibewn  (independently  of  the  di&rential  calculus)  that  jf  /  (»)  be 
anj  function  of  (x),  and  x  be  increased  by  h^  /(x  +  h)  may  bp 
expipided  in  a  series  of  the  form/(x)  +  Ph  +  QA*  +  ••• 

H.  Determine  the  differential  of  a  solid  of  revolution,  and  apply 
it  to  find  the  content  of  a  sphere. 

1 5.  Int^piBte  the  differentials 

16.  Determine  the  co-ordinates  of  the  centre  of  gravity  of  an 
area,  whidi  is  teminated  one  way  by  the  aids  of  (x). 

17.  State  die  ihird  law  of  motion,  and  the  nature  of  eiparimenta 
by  which  its  truth  may  be  inferred. 

18.  Determine  die  path  described  by  a  picjeetile  in  vacuo,  acted 
on  V  gf9kykj,  and  the  plaoe  of  the  body  at  the  end  of  an  fusifpied 

19.  Prove  that 

How  should  we  make  use  of  this  series  to  determine  the  common 
logarithms  of  aU  nuqibers  from  S  to  1S^? 
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20.  Deduce  Uie  equations  (I)  to  a  plane  (2)  to  llie  curve  rf 
thread  of  a  screw. 

21.  Determine  the  moti<m  of  weights  on  a  wheel  and  axle,  and 
the  pressure  on  the  axis:  taking  into  account  the  inertia  of  the 
inarli^"^- 

22.  A  hody  moves  on  an  inverted  cydoid,  with  a  vertical  axis,  in 
a  medium  the  resistance  of  which  =  A  X  velocity,  and  is  acted  on 
by  gravity.    Determine  the  time  of  an  oscillation. 


TEINITY  COLLEGE,  May  18S0. 

1.  What  is  the  price  of  carpeting  a  room  18  feet  9  inchas  long, 
and  12  feet  6  inches  broad,  at  5s.  a  yard? 

2.  In  how  many  years  will  the  population  of  a  country  double 
itself,  if  the  annual  increase  be  -riV^  ^ 

log.  2  +  SOIOSO,  log.  140  =  2146128,  log.  141  =  2149219. 

8.    Sdve  the  equations 

(1).  4/(a  +  x)+4/(a-.x)«* 

(2).  18a?  +  9y«250, 
determining  ail  tiie  positive  and  int^r  values  of  a;  and  jf,  which 
satisfy  the  last 

4.  State  the  best  meUiod,  with  which  you  are  acquainted,  of 
determining  all  the  rational  roots  of  a  givm  equation ;  and  apply  it 
to  determine  those  of  the  equation 

2x4  +  0:9 -.  1  Oa:^  ^  207  +  1 2  =  0. 

5.  In  approximating  to  the  value  of  a  quantity  by  the  method  of 
continued  fractions,  each  converging  fraction  differs  from  the  true 
value  less  than  any  more  simple  fraction: 

6.  If  f  be  the  radius  of  curvature  at  a  point  in  an  ellipse  where 
the  normal  malces  an  angle  t  with  the  axis*major, 

^as   -. 
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7.  Biaect  a  cone  by  a  plane  paaaing  Uurough  ihe  dreumflBrenoe  of 
the  base. 

8.  Shew  that  if  tt  SB  ^{(x  —  a)«  +  (y  -  ij«  +  («  -  c)«}, 

a*  •  —         o**  —         a*»  — 

9.  Apply  the  theory  of  maxima  and  minima  to  delennine  the 
ihorteet  straight  line  from  a  point  of,  y,  a^^  tp  a  sphere  whose 
equation  is 

«*+*•  +  «•  =  r«. 

10.  A  bag  contaus  twelve  baUs  of  four  different  linds^  three  of 
each  kind;  what  is  the  probability  of  taking  one  of  each  sort,  if  four 
be  taken  out  at  once  ?  < 

11.  A  given  beam  rests  with  one  end  on  a  horizontal  plane,  anS 
die  other  on  the  convex  surface  of  a  hemisphere,  whose  centre  is  in 
the  plane ;  determine  the  magnitude  of  the  horizontal  force  which 
must  be  applied  to  keep  the  beam  in  a  given  position,  and  the  pres- 
sure on  the  sphere  and  plane. 

12.  Determine  the  locus  of  the  intersections  of  the  tangents  of  a 
cirde  with  the  perpendiculars  upon  them  from  a  given  point. 

13.  Two  bodies  set  off  at  the  same  time  from  opposite  extremi- 
ties of  a  diameter  of  a  sphere,  and  describe  two  great  circles  inclined 
at  a  given  angle  with  given  uniform  velocities;  determine  their 
places  when  nearest  to  each  other. 

14.  Determine  the  parabola  Which  shall  have  a  contact  of  the 
second  order  with  an  ellipse  at  a  given  point,  and  have  its  axis  paral- 
lel to  the  axis-major  of  the  ellipse. 

15.  Compare  the  weights  of  two  spheres  of  equal  diameters,  the 
density  of  the  particles  in  one  sphere  being  uniform  throughout,  and 
in  the  other  varying  as  the  nth.  power  of  their  distance  from  the 
centre. 

16.  Determine  the  nth  term  of  the  series  11, 15,  21,  29,  &c. 
and  the  sum  of  n  terms ;  and  find  the  value  of  x  log.  x,  whenx=:0. 

17.  Integrate  the  differential  equations 
(1).  (1  —  x«)  rfy  +  xydx  S5S  adx, 

(2).  ^  +  pJ  +  qy  =  JR,  where  P,  Q,  «,  are  functions  of  (x). 


p 
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li.  Detcndat  die  iing^  wU^h  ^hB  nqrnud  to  die  cvrfe  wathce 
whose  equation  is  Xdx  +  Ydy  +  Zdz  =  0^  makes  with  the  esM  of 
co-ordiffi^tes. 

19.  Two  bodies,  P  and  Q,  connected  by  a  rod  (without  weight), 
slide  the  one  on  a  hor{«ontal  pl^e,  the  qther  on  a  given  inclined 
plane^  acted  on  by  gravity ;  detenp^ie  the  i^otion. 

^.  £;i|Ufi0}at^  Ap  gPYierf4  principto  i)f  virtual  f^lpoitios,  fi|id 
9bQW  )iQW  Us  ogmbination  with  n'>^leyn)i0rt's  prineiplo  ndqiMp  fUl 
dynamical  problems  to  the  solution  of  a  statical  question. 

21.    A  quadrant  of  a  circle^  moveable  about  one  of  its  extreme 

m^iii  as  au  fuiis^  is  stnipl^  by  i^  givep  fofce  applied  at  a  giv^n  point 

in  1^ direetion p«»pep4ipulw  toita pl%iio:  deteqnina  the presmro proy 

,  duced  on  the  axis,  and  the  angular  velocity  oprnmuiiicatad  to  tho 

yadrant 

^  Gi^^  the  length  of  a  puf  vo,  tq  find  iti  fonOj  th^t  its  o^tre 
of  giayity  may  be  th^  lowest  posst^o. 


St,  JOHN'S  CpX-LEGE^  Mat  1828, 

1 .  In  the  expansion  of  (o  +  &)%  the  coefficients  ti|ken  fit  equal 
4ist%nces  from  the  beginning  and  end  are  equal. 

2,  Jj^tract  the  fqu^r^  root  of  41  —  24v'2. 

S.  In  a  plane  triangle,  the  sum  of  the  sides  is  to  theb  difleMnoo* 
as  the  tirngpnt  of  the  spmiisum  of  the  angles  at  the  basOj  to  the 
tanggut  of  their  Bef|ii*diffef«Roe» 

4.  An  equation,  which  has  but  one  ohange  of  signs,  oaa  have  but 
one  positive  toot 

5.  Prove  that  the  position  of  the  centre  of  gravity  of  a  plane 
curve,  referred  to  rectangular  co-ordinates  x^  tf,  and  bounded  by  the 
axis  of  or,  is  determined  by  the  equations 

/yctr  «  fydx 

6.  A  body  upon  an  horiiEontal  piano  will  be  supported  or  not^ 
aocor4ing  as  the  verticf^  dpawp  thrpugl)  the  peptre  of  grfivUy  faUn 
within,  or  without  the  base. 
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7«  Perpendkulsn  drawn  from  the  fbd  upon  thfl  tangent  to  an 
hypei4x>lay  meet  it  in  the  cinumfarenee  of  the  eirda  damibad  upon 
iha  aiia-major  as  diameter. 

8.  If  font  magnitudes  of  the  same  kiild  are  proportionals^  the 
greatest  and  least  of  them  together  are  greater  than  the  other  two 
together.    [EucL  v.  25.] 

9.  In  the  ellipse^  prove  that 

10.  If  fluids  of  difierept  specific  gravities  communicate  through 
a  bent  tube,  the  heights  above  the  common  surface  will  be  inversely 
as  the  specific  gravities. 

11.  The  defects  of  the  mercury  in  the  gage  of  an  air-pump  after 
successive  strokes  are  in  geometrical  progression. 

18.  To  separate  ;r"  +  1  into  its  ftctors^  where  n  is  odd  |  and  to 
shew  that  the  factors  obtained  irom  the  general  expression  will  recur 
after  a  cer^jn  n|imlier. 

IS,    Prove  the  following  theoiem  in  finite  difPerencesr 

«,+,  =s  «,  +  n^Ux  +  n  •  — —  A«tt,+  &C.+ A"tix. 

14.  Find  the  area  of  a  spherical  triangle  in  terms  of  its  sides. 

15.  Prove  that  ~  a  fraction  converging  to  the  value  of  —  differs 

q  w    «  ^ 

from  it  by  less  than  -^• 

16.  Find  the  chance  of  throwing  ftn  ace  in  three  tria^  with  a 
single  die. 

17.  Give  the  general  equation  to  a  conic  seption  ;  find  the  posi- 
tion of  the  rectangular  axes«  and  determine  whether  it  has  a  centre 
or  asymptote^  and  their  positioQ. 

18.  If  a  body  float  in  a  fluids  explain  what  is  meant  by  the 
Metaoentre,  and  find  the  time  of  ita  small  oscillations. 

Id.  If  the  Earth  be  a  spheroid  of  equilibrium,  the  force  of 
gravity  at  any  place  varies  as  the  normal. 

p2 
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99.    Giveuil,  BfOnd  C  the  momentsof  inertia  of  a  solid  abcmt  tbe 
three  principal  axes  passbg  through  a  given  point,  prove  that  for  an 
axis  passing  through  the  same  pointy  and  making  angles  a,  fi,  y 
re^ectivdy  with  the  fiMrmer^  the  moment  of  inertia  is  equal  to 
i<  .cos.««  +  B.oo8.«/3  +  C.  COS.V 


St.  JOHN'S  COLLEGE,  Jvm  1829. 

1.  Add  together  012S  of  a  pound,  -0625  of  a  shilling,  and  -5  of 
a  penny,  and  reduce  1 U.  9^^.  to  the  decimal  of  a  pound. 

2.  Prove  the  rule  for  finding  the  greatest  common  measure  of 

a«  — &«  ' 

two  quantities,  and  reduce    5  ^  y  ■  ^g^g  /^  _^  ^x  ^  **•  lowest 

terms. 

S.    Extract  the  square  roots  of  654481,  1  +^—  24,  and  the 
cube  roots  rfS89017,  and2+lW-l. 

4.  Solve  the  following  equations : 

i  _1 1 l_, 

X  2 

(S).  8*^  — x-*  +  2asO. 

(4).  9x  +  8y  =  48 
8x  — 9yes   6 

(5).  5f«  +  *  =  13  , 
y*  +  a:«  =  973 

5.  If  a  :  i  ::  c  :  d,  shew  that  a  +  i  :  tf—  6 ::  c  +  </ :  c  —  J. 

6.  Prove  the  rule  for  finding  the  sum  of  a  geometric  series,  and 
apply  it  to  J  +  f  + ad  inf. 

7.  The  three  interior  angles  of  every  triangle  are  together  equaj 
to  two  right  angles. 
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8.  If  the  square  described  upon  one  of  the  ades  of  a  triangle  be 
equal  to  the  sum  of  the  squares  described  upon  the  other  two  sides  of 
it ;  the  angle  contained  by  these  two  sides  is  a  right  angle. 

9.  One  circumference  of  a  circle  cannot  cut  another  in  more  than 
two  points. 

10.  The  angles  in  the  same  8^;ment  of  a  circle  are  equal  to  one 
another. 

1  !•    Inscribe  a  circle  in  a  given  triangle. 

IS.  Ratios  that  are  the  same  to  the  same  ratio,  are  the  same  to 
one  another. 

IS.  Equal  parallek^;rams»  which  have  one  angle  of  the  one 
equal  to  one  angle  of  the  other,  have  their  rides  about  the  equal 
angles  reciprocally  proportional. 

14.  In  a  plane  triangle,  of  which  the  sides  are  a,  b,  c,  and  oppo- 
rite  angles  A,  B,  C,  prove  that 

m.A       a  .      b^-hc^'-a^ 

-: — i;«T»       cos.il  =  -Tz • 

9m.B      b  2bc 

15.  Draw  a  straight  line  perpendicular  to  a  plane  from  a  given 
pomt  without  it 


St.  JOHN'S  COLLEGE,  May  1830. 

1.  Trianglbs  and  parallelograms  of  the  same  altitude  are  to 
one  another  as  their  bases* 

2.  If  a  solid  angle  be  contained  by  three  plane  angles,  any  two 
of  them  are  greater  than  the  third. 

S.    Find  X  and  y  from  the  equations 

Shew  that  if  a  >  i,  then  ?-t^<r 
b  +  tn     b 

4.  Given  the  first  term  and  common  difierence  of  an  arithmetic 
'  progression,  find  the  sum  of  (m)  terms,  and  the  sum  cS  their  squares. 

5.  If  m  and  every  greater  number,  when  substituted  for  x  in  an 
equation,  give  poritive  results,  m  is  greater  than  the  greatest  root« 
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6.  Every  ^uation  lias  at  least  as  vakay  chaiigea  of  sign  al  it  faas 
positiYe  roots,  and  as  many  continuations  of  sigti  as  it  has  negativa 
roots. 

7.  Solve  the  (aquations, 

Sx*  —  6x«  —  3x  +  1  =  0,  2^j?  -  2*a  —  3a*x*  =s  0, 
x»  +  Sx*—  8ar  +  10  =  0,  j:»  -  «*  +  Sar  +  5  =  0  J 
of  which  the  first  has  roots  in  harmonical  progression,  the  second 
equal  roots,  the  third  a  root  an  integer,  the  fourth  imaglnaty  roots. 

8.  tind  all  ihe  positive  integral  values  of  x  and  if  in  the  equation 
1 3*  —  17y  =  54,    Shew  how  to  solve  the  equation  a«  —  «y  =  1  • 

9.  Find  the  sines  of  the  sum,  and  difference  of  two  arcs  in  terms 
of  the  sines  and  cosines  of  the  arcs  themselves.  Shew  how  the  sine 
of  r'  n^ay  he  found. 

10.  In  the  parahola,  prove  that  the  suhnormal  equals  half  the 
latus  rectum,  and  that  4:SP.PVi=  QF«.  In  the  ellipse,  shew 
that^P. HP=CD«. 

1 1«  If  a  point  be  kept  at  rest  by  three  forces  acting  at  the  sapie 
time,  any  three  lines  which  are  in  the  directions  of  the  forces,  and 
form  a  triangle,  will  represent  them. 


12.    Time  of  oscillation  of  a  pendulum  length  (/) 


=Vi- 


13.  Define  the  specific  gravity,  and  density  of  a  body;  and  if 
K  W$  Q*  i^»  S  represent  its  volume,  weight,  quantity  df  matter, 
density,  and  specific  gravity ;  write  down  the  equations  which  con- 
nect these  quantities. 

14.  Investigate  the  equations  of  equilibrium  of  any  fluid ;  and 
shew  that  the  resultant  of  the  foMes  at  any  point  In  the  surface  of 
a  fluid  incompressilde  and  perfectly  f^fee,  is  a  normal  to  the  surfacSf 

15.  .A  solid  body  moveable  about  a  fixed  axis  is  aoted  upon  in 
all  its  points  by  ^ven  accelerating  fortes  m  planes  perpendicular  to 
that  axis ;  prove  that  the  efiective  accelerating  force  of  rotation  at 
distances  (1)  from  the  axis,  equals  the  moment  of  rbsiiltant  of  the 
impressed  foxtes  -^  moment  of  inertia  of  the  body,  both  moments 
being  relative  to  the  fiaud  axis. 
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16.  If  a  nU  lnd|r  be  sUrook  ia  a  diieetioo  ptrpafidieubir  to  the 
plane  through  its  centra  of  grantyj  and  an  axis  about  which  it  is 
moveable ;  fii|d  the  pressure  which  the  axi^  sustains  at  the  moment 
of  impact,  and  the  conditions  in  order  that  it  maj  Tanisli* 

IT*    MThat  is  a  generating  funotioA?    Find  those  of  x  andrf 

s.    Sitpress  Ux^^  in  lefms  of  Ujc,  ahd  its  successitd  difibirences. 

18«    Wni  tke  tutag^  af 

and  the  value  of  the  continued  fraction 

c      c      c 
.^^.^.^ — 2^biM«»toif  tM&Si     - 

a  +  a  +  a  + 

19.  Find  tha  genatal  aquatic  lo  Stttfaoes  of  ievalution^  and 
draw  the  shortest  line  between  two  given  points  dn  a  surface  of 
levoltttion. 

%.  In  a  tMUrcd  df  (nt)  cafds,  is  a  fi^u^iice  (Ht  («f)  hearts;  after 
shuffling  the  whole  parbel.  What  is  ihd  probability  ibat  ambtig  the 
inl  (jp)  eardi  tnimad  up^  all  the  haarti  ai^  imnaA  ^f  In  nidttr  ? 


QUEEN^S  eOLLEOB,  INd. 

1 .  DssoRiiB  a  dide  Which  shall  touch  li  gtvan  Attle^  and  each 
of  two  given  straight  ]ihe», 

2.  The  product  of  two  quantities  divided  by  their  greatest  com- 
mon measure,  is  thei^  UaH  bWntboti  mtiltlplii. 

8.  Four  times  thd  {Product  of  the  sines  of  the  angles  of  any 
triangle,  is  equal  to  the  sum  of  the  sines  of  the  doubles  of  those 
angles. 

4.  Give  the  madiod  d  sdniioa  af  a  enbia  equation  by  mnans  of 
tHgonoBiatrlaal  tablea  and  fbratnlci  and  explain  the  dfcnttstaiMea 
under  which  this  method  fails. 
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5.  If  there  be  two  lilies  whose  equatiODS  are  le^ectiTelj 

it  is  required  to  find  the  tangent  of  the  angle  between  them* 

6.  Find  the  eqoation  to  a  curve  generated  in  the  same  manner 
as  the  Cisscnd  of  Diodes,  that  part  of  a  parabola  which  is  cnt  off  by 
the  latus  rectum  being  substituted  for  the  generating  semicircle. 

7.  A  lever  consisting  of  two  equal  strai^t  rods  at  right  angles 
to  each  other  is  moveable  about  the  angulsr  point,  a  given  wei^t 
is  suyended  at  one  extremity,  and  a  variable  one  at  the  other;  in 
what  manner  must  the  circular  arc  described  by  the  given  wd^t 
be  graduated,  that  the  amount  of  the  variable  weight  maj  be  always 
indicated? 

8.  A  perfectly  elastic  ball  A  impinges  on  aiiother  B  at  rest,  and 
they  meet  again  at  the  point  C  after  B  has  been  reflected  by  a  ver- 
tical jOane  at  D.  The  ball  il,  and  the  distances  BD,  BC,  are 
given,  to  find  the  ball  B. 

9.  A  chain  of  g^ven  length  is  hung  over  a  fixed  pulley,  at  the 
beginning  of  the  motion  the  excess  of  the  longer  side  above  the 
shorter  is  given ;  find  the  time  of  running  off. 

10.  Find  the  centre  of  oscillation  of  a  drcularaxea  vibrating  in- 
its  own  i^ane  about  a  given  axis. 

11.  A  body  ftdls  down  the  axis  of  a  cylindrical  tube  of  given 
radius,  inconsiderable  thickness,  and  infinite  length,  the  particles  of 
which  attract  with  forces  varying  inversely  as  the  square  of  the  dis- 
tance ;  find  the  velocity  acquired  in  falling  through  a  given  space. 

12.  If  a  small  quantity  of  air  be  left  in  the  tube  of  a^barometer, 
what  will  be  the  consequent  depression  of  the  mercury  below  the 
standard  altitude  >  - 

IS.  If  a  solid  of  revolution  move  in  a  fluid  in  the  direction  of 
its  axis,  compare  the  resistance  on  the  surftuse  with  Uiat  on  the  base ; 
and  apply  the  general  formula  when  investigated  to  the  case  of  the 
hemi^here. 

14.  A  cubical  vessel  of  ^ven  dimensions  has  a  vertical  crevice 
of  given  uniform  widtii  fimm  top  to  bottom  of  one  of  its  sides ;  re- 
quired the  time  in  which  the  vessel  would  be  emptied  throu|^  that 
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15.  If  two  rays  inclined  to  each  other  at  a  small  given  angle  fall 
nearly  perpendicularly  on  a  convex  mirror  of  given  radius,  and 
placed  at  a  given  distance  from  the  point  of  intersection  of  the  inci- 
dent ra3rs ;  what  will  be  their  mutual  inclination  after  reflexion  ? 

16.  If  a  ray  refracted  into  a  sphere  emerge  from  it  after  a  given 
number  of  reflections^  determine  the  deviation  of  the  ray>  and  the 
angle  contained  between  the  directions  in  which  it  is  inddent  and 
emergent. 

17.  What  is  the  nature  of  the  caustic  when  the  reflecting  sur* 
face  is  a  sphere^  and  the  focus  of  incident  rays  is  in  its  surface  ? 

18.  Find  the  law  of  force  parallel  to  the  axisj,  by  which  a  body 
would  be  made  to  describe  a  cycloid. 

19.  The  comer  of  a  rectangular  piece  of  paper  being  doubled 
down,  so  that  the  triangle  shall  always  be  of  a  given  area;  prove 
that  the  vertex  of  the  triangle  will  trace  out  a  lemniscata,  whose 
area  equals  the  area  of  the  triangle,  and  which  may  be  described  by 

a  force  placed  at  its  ktwi  varying  as  -=r-^- 

20.  Fonj^a  •^;  shew  that  the  velocity  at  any  point  of  the 

Q 

descent  oc  tan.  -  ;  6  being  the  circular  arc  whose  diameter  is  the 
first  distance  and  versed  sine  ihe  space  described. 

21.  Compare  the  quantity  of  light  from  the  Sun  which  falls  on  a 
given  area  at  the  pde  of  the  Earth  on  the  longest  day,  with  the 
quantity  which  falls  on  an  equal  area  at  the  equator  on  the  day  in 
which  the  Sun's  declination  is  nothing. 

22.  Investigate  an  expression  for  the  tangential  ablatitious  force 
on  P  [NewUm,  Sect,  ll^*  Find  when  it  is  a  maximum ;  and  find 
the  velocity  of  P  corresponding  to  this  maximum  value,  V  being  the 
velocity  of  P  at  quadrature. 

23.  Find  generally  the  equation  to  the  orbit  in  fixed  space  [J^ew* 
Urn,  Sect  9],  and  from  that  equation  shew  that  the  difference  of  force 

in  the  fixed  and  moveable  orbit  varies  as  j^* 
Wf.    Explain  the  construction  of  Hadley's  Sextant. 
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Sd.    Q'vm  tbe  kiitiid«  of  a  ^bee,  and  Uia  dediiiaUim  of  the  tan; 
find  the  time  that  the  Sun  Ib  abate  the  horiaoii. 

26.    Shew  how  the  timd,  duraUon  dud  ttiagtiituad  of  i  luttar 
eclipse  may  be  computed. 


QUEEN'S  COLLEGE,  May  1827. 
L    Pmvb  that 

and  Atom  thb  find  the  sum  of  th^  series 

,      I    1    .   l.S    1        1.S.5    1    '         ,   .  .  ., 

1  — .  - .  -  -I .  -  -* .  —  —  Stc,  to  mnnitv* 

2   2^2.4    2«       a-4,6    «•      «c.  uiummi,^ 

1 
2.    Shew  that  i» .  (a:*  —  1)  =3  Naperien  logarithm  ^  when  « is 

infinite,  and  prove  from  this  that  Naperien  logarithm  x  * 

Q  Q  Q 

ss  (i«  -  1)  i  -j .  — ^ .  -_^.- ^  &c.  toinflnity. 

S.    Investigate  Cardan's  rule  for  the  solution  of  the  euUc  eqsa* 

tkm  0^  <k  tf;if  4-  f  ^  0>  and  shew  that  when  r  '^  ^>  the  etjireSftioii 

4r       27 

for  determining  x  may  be  reduced  la  th&  filhtl  2    / 1 «t»M.  ^,  whertf 

f  IS  an  angle  whose  cosine  is  —  ^  ^-  * 

4i  if  il,  ^^  ^  be  the  angles  of  a  triangle,  a^  6,  c  the  qq^te 
sidesj  and  9  the  angle  contained  between  b  and  a  straight  line  drawn 
from  A  to  the  bisection  of  the  opposite  side,  prove  tl^t 

c  c^  c^ 

0  =s  T  •  siu*  A  *~  i  *  71  •  8in.2i<  *^  i  *  li  '  ^u*3il  +  &c 

5.    In  a  given  isetani^  i&seiiba  a  parallalegnon  of  fiv^u  Mea 
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wad  Mitaiditig  ill  angifi  equal  to  a  gifeft  angle;  and  point  out  the 
liraitatarafl  of  the  proUeln. 

6»  ACS  IB  9^  tinAe,  AB  a  diameter^  draw  any  chord  AC  and 
join  CB,  and  in  AC  produced  take  CP  proportional  to  the  triangle 
CiiS  I  find  the /octfi  of  P. 

7.  Two  ibrceA  p  and  q  acting  at  right  angles  on  a  material  point 
have  a  resultant  r ;  find  two  other  forces  of  which  the  sum  ia  the 
same  but  which  acting  at  an  angle  6  haire  a  lesultant  nr,  and  shew 

that  thiA  is  always  pttssibte  wheh  n  >    J^  ^  :  > 

8.  A  hemiq^heie  ia  placed  on  a  hoiiaontal  plane  with  its  vertex 
downwards:  find  the  height  of  a  cone  of  the  same  base  which  placed 
upon  the  base  of  the  hemisphere  will  make  the  equilibrium  of  the 
whole  mass  that  of  indifference. 

9*  An  imperfectly  elastic  ball  is  prqjected  from  a  point  in  the 
circumference  of  a  given  cirde^  and  after  three  rebounds  at  the 
drcumferenoe  returns  again  to  the  point  of  projection ;  find  the  di- 
rection of  projection. 

10.  Find  the  moment  of  inertia  of  a  rectangular  paiallelopiped 
about  one  of  its  edges^  and  also  the  time  of  a  small  oscillation* 

IL  A  hollow  cylinder  of  given  radius  but  not  of  inoonaidentUe 
thickness  roUt  down  a  given  inclined  plane  in  a  given  time  |  find  its 
thickness. 

12.  A  right  cone  standing  on  its  base  is  filled  with  mercury  and 
water ;  divide  it  fay  a  plane  parallel  to  the  base  so  that  the  pressure 
on  the  upper  and  lower  curve  surfaces  shall  be  equals  the  quantitiea 
of  mercury  and  water  being  supposed  equal  in  weight. 

13.  A  cubical  vessel  of  given  size  and  weight^  placed  on  a  fluid 
of  given  specific  gravity  having  a  small  orifice  at  the  bottom ;  what 
time  will  elapse  before  the  vessel  is  completely  immersed  ? 

14.  In  a  vessel  of  fluid  is  placed  a  paraboloid  with  its  vertex 
downwards ;  find  its  length  so  that  the  vertex  of  the  paraboloid  may 
Just  reach  the  bottom  of  the  vessel* 

15.  Find  the  time  of  emptying  the  upper  half  of  a  paraboloid 
whose  axis  is  parallel  to  the  horizon  through  a  small  orifice  in  its 
vertex* 
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16.  A  glass  meniscus  of  given  radii  and  inoonaderaUe  thickness 
floats  on  the  surface  of  a  bason  of  water  of  given  depth ;  required 
the  focus  of  refracted  rays  diverging  from  the  bottom  of  the  bason 
and  passing  nearly  perpendicularly  through  the  lens. 

17.  Find  the  nature  and  length  of  the  caustic,  when  the  reflect* 
ing  curve  is  a  cycloid  and  the  radiating  point  in  the  centre  of .  the 
generating  circle. 

18.  Compare  the  quantity  of  light  from  the  sun  which  falls  on 
a  given  horizontal  area  on  the  longest  day  at  two  places,  the  latiludes 
of  which  are  given. 

19.  Having  given  the  latitude  of  the  place,  the  day  of  the  year, 
and  the  angle  at  which  the  ecliptic  is  inclined  to  the  horizon ;  find 
the  hour  of  the  day. 

20.  Find  the  aberratic  curve  on  the  supposition  that  the  Earth 
moves  in  an  ellipse  and  is  acted  upon  by  a  force  perpendicular  to  the 
major  axis. 

21.  Find  at  what  point  in  an  ellipse  described  about  the  focus 
the  approach  towards  the  centre  of  the  ellipse  is  twice  as  great  as 
that  towards  the  focus. 

22.  A  given  body  is  projected  with  a  given  velocity  in  a  hori- 
zontal direction  along  the  inner  surface  of  a  horizontal  cylinder  of 
given  radius  from  a  given  point  not  more  than  90<^  from  the  lowest 
point ;  required  its  position  af^  a  given  time. 

23.  Compare  the  resistance  of  the  atmosphere  against  a  spherical 
shot  with  that  against  a  shot  of  the  same  weight  formed  into  a  hollow 
cylinder  of  given  length  and  radius  moving  in  the  direction  of  its 
axis  with  the  same  velocity. 

24'.  A  chain  of  given  length  and  thickness  suspended  by  its  ex- 
tremities from  two  given  points  in  the  same  horizontal  line  finfms 
itself  into  a  semidrde ;  find  the  law  of  the  density. 
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QUEEN'S  COLLEGE,  Mat  1838. 

1.  Pbovb  analyticaUj  and  geometricallj  that  the-  perpendioulan 
drawn  from  the  angles  of  a  plane  triangle  upon  the  opposite  sides 
intersect  each  other  in  one  point. 

2.  Find  a  pdnt  in  a  spherical  triangle  equally  distant  from  each 
of  the  angular  points. 

9.  The  area  of  a  regular  polygon  of  n  sides  inscribed  in  a  cinde 
is  to  die  area  of  another  regular  polygon  of  S  a  sides  inscribedin 

the  same  circle  as  1  to  ib ;  prove  that  co6.0  s=  — ^         %  $  being  the 

angle  which  a  side  of  the  last  polygon  subtends  at  the  centra  of  die 
circle. 

4.  Find  all  the  roots  of  the  equatbn  a;^  —  1  ss  0  in  a  numerical 
fonn,  and  reduce  each  to  the  form  of  «  +  0  v^— 1. 

1^ 

5.  Prove  that  m  •  (4c«  —  1)  ==  Nap.  log.x  when  m  is  indnite,  and 

ihenee  shew  that 

2            2            2 
Nap.  lpg.a?  =  (4f  —  !)•  -r •  -r •  -7 &c 

ar*  +  1    a?*  +  1    ar*  +  1 

6.  Sum  the  following  series : 

5  +  9  +  51  +  281  to  n  terms, 

177:4  +  075  +  84:6+  «^-  10  »  t«™«  «»a   to   i«fi^*^ 

r:s-5"0'8?+5:7T3+*^-*"'"*"**^- 

7*  Solve  the  equation  ti«^«  .Ux^e*,  and  find  the  general  term 
of  a  series  of  which  S«  a  m . ««  +  nuj..,,  S,  bemg  the  sum  of  x 
terms,  and  t»j  being  the  xth  term. 

8.  If  two  ellipses  whose  eccentricities  are  respectively  e  and  ^ 
be  described  on  the  same  major  axis,  and  0  and  f  be  the  anglea 
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which  equal  radii  measured  from  the  foci  make  with^that  axis ;  prove 
that 

9C09,I  — CQ8.f  fssf  .tf«Q4rly« 

9#  A  given  paraboloid  whose  axis  coincides  with  the  axis  of  j:  is 
^ut  by  ^  plfuie  whose  equatioo  is  «  -?  4M!  ss  0|  find  the  equations  to 
the  in^eripqtton  of  the  two  surfaces  and  deteim^iae  it4  a^es. 

10.  Investigate  the  equation  to  tbo  eufve  in  whiob  the  wdiua 
of  curvature  is  9I  wajs  equal  to  the  ^orma}  {  the  curye  beipg  spppqsed 
to  be  convex  to  the  axis. 

11.  The  directrix  of  a  conical  surface  being  a  circle  parallel  to 
the  plana  of  9^^  find  the  equatioii  to  the  suxftce ;  the  vertex  being 
SUppMed  to  be  in  the  origin  of  the  oo«oidinates. 

12.  Find  thp  niUo  of  the  fixes  of  f^  proIat;e  hemispberpid  such 
that  when  placed  with  its  vertex  on  a  horizontal  plane,  its  equili- 
brium maj  be  that  of  indifference. 

Id.  A  given  beam  of  uniform  thickness  rests  with  one  of  its  ex« 
tiemities  in  a  given  hemisphere,  and  the  other  against  a  vertical  plane 
touching  the  hemisphere,  find  the  position  of  equilibrium. 

\^.  A  body  ficted  on  by  gravity  slides  dowp  the  cury^i  of  a  v^- 
tical  elliptic  quadrant ;  determine  its  motion  and  tl^e  poii^t.  where  ill 
leaves  the  curve. 

15.  Find  the  moment  of  inertia  of  a  regular  hexagon  referred  to 
an  axis  passing  through  one  of  its  angular  points  and  perpendicular 
to  its  plane,  and  find  the  time  of  one  of  its  small  pscillatiops. 

16.  A  cylinder  is  fiUed  with  two  fluids  of  different  specific  gra- 
vity which  do  not  mix ;  find  the  pressure  upon  a  section  inclined  at 
a  given  angle  to  the  horijon,pne  half  of  which  is  in  the  upper  flui^ 
and  the  other  in  the  lower. 

17.  If  eachpartiele  of  a  fluid  mass  be  attriHsted .  to  ^  o^tre  of 
force  varying  as  the  distance,  and  also  by  a  given  constant  force  act- 
ing in  parallel  lines ;  find  the  fona  which  the  mass  will  assume  if  a 
notion  of  sotadon  be  given  to  it  about  an  axis  passing  throu^  the 
centre  of  force  and  parallel  to  the  direction  of  the  constant  foice. 

18.  Find  th^  tirne  pf  en^ptying  ^  given  cylinder  inclined  a|  a 
given  angle  to  the  horison  through  a  small  orifice  in  its  lowest 
poiot. 
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I&  Doteindna  malyfcioally  sad  geomateicaHjF  in  whal  pnnt  of  t 
given  stral^t  lincj  aaptber  stnugh^  line  g^v^  in  intt^tud^  «nd 
potilion  will  appsar  the  greatest 

90.  Having  given  the  altitude  of  the  Sun  and  of  the  violet  colour 
In  the  primaiy  rainbow^  find  the  ratio  of  the  sines  of  inddenoe  and 
refraction. 

il .  Find  tha  latitude  of  the  plaee  of  ohservation  from  the  folkrw- 
mg  daiMj  via.  the  altitude  and  declination  of  the  Bun^  and  the  sum 
of  t]ie  {unmuth  and  hour-angle. 

22.  Explain  the  stereographies  orthographic  and  Mercator's  pro- 
jection of  the  sphere^  and  shew  t^at  the  stereo^phic  pngaptioi^  of 
every  circle  of  the  sphere  is  a  circle^  and  find  its  dif^eter. 

2S.  The  particles  composing  the  sides  of  a  plane  trianj^  attract 
with  forces  varying  a|  t|^C|  di|t|ti|ce;  find  the  orUt  desmbed  bgr  a 
hoAy  pi^ected  fjKmt  any  point  wit|iin  tl^e  txiaogle  mt)|  ft  giveii 
yelq^^  iq^d  in  a  given  d^otioUf 

24.  A  body  is  placed  in  the  centre  of  a  hemispherical  shelly  the 
particles  of  whif^h  attract  with  forcea  varymg  as  -^  j  find  the  motion 
of  the  body. 

25.  Find  the  angle  between  the  apsides  when  force  or  .,  x» 
9  being  the  ladius  vector. 


QUBEN'S  COLLEGE,  Jons  1880. 

1.    SHxwtbat 

1 1 

(a  -  b)(a  —  c)(«  +  a)  "■  {a  -  b){b  -  c)(x  -f  i) 

■  1  1 

■*■  (a  -  cX*  -  cXx  +  c)  ^  (x  +  a)(x  +  *X*  +  c) 

9.    Through  the  point  of  intetsection  D  of  two  straight  lines 
drawn  from  two  angles  of  a  tviangb  to  Usect  the  opposftta  sides,  a 
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straight  line  EDFG  is  made  to  pass,  meeting  two  sides  in  E  and  F 
and  the  remaining  side  producsed  in  G :  prove  that  5^""  Kp  =  Hg* 

3.  Find  the  sum  of  the  present  values  of  an  infinite  number  of 
annuities  of  >!£,  to  commence  at  the  end  of  1,  2,  S,  &c.  years  re- 
spectively, and  to  continue  for  ever,  at  a  given  rate  per  cent. 

4.  If  a,  by  c,  d;  A,  B,  C,  D  be  the  sides  and  angles  of  any 
quadrilateral  figure,  taken  in  order,  and  ^S^ssa  +  b  +  c  +  d; 
it  IB  required  to  prove  that 

(»rca)«5=(*-a)(iS-6)(5'r.c)(iS'-.d)  — nMcos.*^!^* 

5.  PSp,  QCq  are  any  two  parallel  straight  lines  drawn  through 
the  focus  S  and  the  centre  C  of  an  ellipse  to  meet  the  periphery : 
shew  that  SP.Sp  :  CQ.Cq  : :  BC^  :  AC\ 

6.  Two  bodies  begin  at  the  same  time  to  descend  from  the  top 
of  two  given  inclined  planes  having  a  common  altitude :  prove  that 
the  line  which  joins  them  i%  always  parallel  to  itself:  find  also  its 
inclination  to  the  horizon,  and  its  velocity  at  any  time. 

7.  Find  the  position  of  a  luminous  point  in  the  same  plane  with 
the  centres  of  three  given  spheres,  so  that  the  sum  of  their  illuminated 
surfaces  may  be  the  greatest  possible. 

8.  A  cone  with  its  vertex  downwards  is  half  filled  with  a  fluid 
whose  specific  gravity  is  s :  required  the  specific  gravity  of  another 
fluid  with  which  the  vessel  being  filled  up,  the  pressure  of  the 
mixture  upon  the  whole  surface  will  have  a  given  ratio  to  its 
weight. 

9.  Let  S^  S^  Sec,  S^  denote  the  sums  of  the  nth,  (2fi)th,  &c., 
(/m)th  powers  of  the  roots  of  the  equation  x*  -  Z  ss  0 ;  then  will 

equired  a  proof. 

10.  If  the  velocities  of  light  in  different  media  be  unequal  but 
uniform,  prove  that  the  time  of  its  passage  between  two  poinu 
situated  in  difierent  media  separated  by  a  plane  surface,  will  be  the 
least  possible  when  the  cosines  of  the  inclinations  of  its  courses  to 
the  oommpn  surface  are  as  the  velocities. 
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11.  Find  the  conic  section  to  which  the  equation 

belongSj  and  determine  the  positions  of  its  principal  axis  and  focus. 

12.  Trace  the  curve  whose  equation  is  ^  e=  ax'^  ^  x^  ;  determine 
its  asymptote,  and  the  natures  and  positions  of  its  singular  points. 

IS.  If  the  sum  of  the  angles  of  a  spherical  triangle  he  equal  to 
three  right  angles,  it  is  required  to  prove  that 

.:„  a  A  _       cos,i(6  +  c)  cos.i{b  -  c) 

SmJZA  ^  — -7-. — rr— : — 7-TZ ^• 

(sm-Jo  sm.j|c)* 

H.  A  hody  describes  a  cycloid  by  means  of  a  force  acting  per«  * 
pendictthurly  to  its  base :  prove  that  corresponding  to  the  arc  0  of  thd  ' 
generating  cirde,  the  force,  velodtj,  and  time  from  the  vertex,  are 

respectively  as  sec.^-,  ^'^^o*  >°d  6  +  sin.0 ;  and  fiud  their  actual 

values  when  the  intensity  of  the  force  at  the  highest  point  is  repr&* 
sentedbyiku 

15.  If  flit  be  the  number  of  plane  angles  forming  each  solid  uogle, 
and  »  be  the  number  of  sides  of  each  plane  face,  of  a  regular  poly** 

hedron ;  prove  that  — |-  -  must  be  greater  than  ^,  and  thence 
m      n 

determine  the  number  of  the  Platonic  bodies. 

16.  Integrate  — ,  and  by  means  of  the  integral  find  the  sum  of 

2       S       4 
n  terms  of  the  series  -  +  -^  +  ";  +  &<^  >  *^  ^  infinitum,  when 

C         C^         Cr 

possible :  and  shew  that 

(1«  —  1)  +  (2*  -  2)  +  (S»  —  S)  +  &c  to  » terms  «  ^-^(«^  -  «)* 

17.  If  L,  Ij  K,  k,  be  the  true  latitudes  and  longitudes  of  the 
Moon  and  a  fixed  star,  and  D  their  angular  distance  from  each  other, 
prove  that 

gm.* —  =:  sm.* — h  cos«L  cos./  sm.^  ■     ■  ■   j 

and  adapt  the  formula  to  logarithmic  computation. 

a 
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18.     Integrate 

(jfi  +  \)Tdx  dx                  ,              xdx 

' and 


»    ■ — -— 9  ana  — > Z9 

a;4  ^  a;2  4.  1  i  ^  I ' 

af'(a*»  4-  a:")"*  («  —  a;)  (fl  +  x) 

find  also    I    I  •- 5   between  the  limits  of  a:  =  0  and  «  =  1 ; 

and  determine  the  relation  of  x  and  y  in  the  equation 

(a  +  x)^dy  +  (6  -y)  ^(a  +  x)dx  =?  (*  —y)^dx. 

19.  If  a  body  describe  an  ellipse  about  the  focus,  find  the  efiect 
produced  upon  the  axis  major  by  a  small  alteration  in  the  intensity 
of  the  force  at  any  given  point,  and  the  consequent  motion  of  the 
apsides. 

20.  In  a  revolving  fluid  spheroid  wherein  gravity  is  everywhero 
perpendicular  to  the  surface,  prove  that 

/     1  — «« 
the  sensible  gravity  at  the  latitude  /  =  g     / ,  ^    «  .    g/ 

g  being  the  polar  gravity,  and  e  the  eccentricity  of  the  spheroid. 

21«  If  the  Sun  and  Moon  be  in  the  equator,  and  the  Moon  in 
octants, 

the  angular  distance  of  high  water  from  the  Moon  ss  ^coa."'     ^      ^^% 

and  the  whole  magnitude  of  the  tide  produced  ss  t^{M^  +  ^*)  ? 
required  a  proof. 

22.  Find  the  radii  of  greatest  and  least  curvature  at  any  point 
of  an  ellipsoid,  and  also  the  radius  of  curvature  of  a  secUon  through 
the  axis  of  z  making  an  angle  9  with  the  plane  of  yz. 

23.  Apply  the  CMculus  of  Variations  to  determine  the  nature  of 
the  curve  which  joining  two  given  points  shall  be  described  m  the 
least  time  posdUe  by  a  body  whose  velocity  varies  as  its  distance 
from  a  third  point  given  in  position. 

24.  The  Earth  being  considered  a  spheroid  of  small  eccentricity, 
prove  that  the  effect  of  the  Sun  upon  the  matter  exterior  to  the 
inscribed  sphere,  to  turn  the  sphere  about  its  centre,  is  the  same  as 
upon  |th  part  of  the  protuberant  matter  collected  at  the  equator. 
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QUEEN'S  COLLEGE,  May  18S0. 

1.  Extract  the  fifth  root  of  the  binomial  76  +  ^4  ^/3. 

2.  Reduce  S  7-1 +57— 1  to  the  form  of  «±i5^/  —  L 

3.  Determine  the  quantity  which  multiplied  into  .^3  +  .y 4  will 
make  it  rationaL 

4.  If  in  the  expansion  of  (1  -f  x)%  K  and  L  be  any  two  conse* 
cutive  coefficients;  prove  that  the  coefficients  after  L  will  be 

Lm^K  J.  Lm-K         £.(wi-l)-gir 

&c 

5.  There  is  a  series  of  numbers,  each  of  which  when  divided  by 
P»  ^Pi  ^Pf  &c.  in  succession,  gives  remainders  p ^  1,  2p  —  1,  3p— I, 
&C.  respectively ;  'find  the  sum  of  n  terms  of  this  series,  beginning 
with  the  least 

6.  There  are  two  light-houses,  the  position  and  the  magnitude  of 
whose  lights  are  known ;  find  the  path  which  a  vejnel  must  describe 
io  that  the  qtantities  of  light  it  receives  from  each  may  always  be 
in  the  same  ratio. 

7.  A  given  sector  of  a  circle  is  immersed  in  a  fluid,  with  its  axis 
vertical,  and  its  vertex  coincident  with  the  surface :  divide  it  by  a 
horizontal  liae  into  two  parts  which  shall  sustain  equal  pressures. 

8.  Compare  the  times  of  emptying  the  upper  half  of  a  parabo- 
loid whose  axis  is  horitontal,  through  a  small  orifice  in  its  vertex, 
with  that  of  emptying  the  lower  half  through  a  small  orifice  in  its 
lowest  point. 

9.  A  chain  fastened  by  two  tacks  in  the  same  horizontal  line, 
forms  itself  into  a  common  parabola ;  find  the  law  of  its  thickness. 

10.  When  one.  curve  surface  rests  upon  another,  shew  under 
what  circumstances  the  equilibrium  is  stable,  unstable,  and  indifier* 
ent ;  and  when  one  paraboloid  of  revolution,  cut  ofi*  by  a  plane  perpen« 
dicular  to.its  axis,  rests  with  its  vertex  upon  that  of  another  of  equal 
parameter,  the  axis  of  both  being  vertical ;  find  the  length  of  the 
axis  of  the  upper  parabohnd  so  that  the  the  equilibrium  may  be  that 
of  indifference.  .. 
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11.  A  uniform  beam  is  connected  at  one  of  its  extremities  by  a 
hinge^  to  a  horizontal  rod,  which  is  at  liberty  to  move  in  a  horizontal 
plane  about  a  given  point ;  find  the  velocity  of  revolution^  so  that 
the  beam  may  rest  inclined  at  a  given  angle  to  the  rod. 

12.  A  body  acted  on  by  gravity  slides  down  the  convex  side  of 
a  vertical  elliptic  quadrant ;  find  the  point  at  which  it  will  leave 
the  curve^  and  also  the  point  at  wMch  it  will  strike  the  horizontal 
plane. 

IS.  A  small  ring  slides  down  a  straight  rod,  while  the  rod 
describes  a  conical  surface,  with  a  uniform  velocity ;  find  the  path 
described  by  the  ring  and  the  time  of  moving  down  at  a  given 
length. 

14.  Find  the  density  of  the  air  at  any  point  below  the  Earth's 
surface,  the  temperature  being  supposed  the  same,  and  the  force  of 
gravity  varying  as  the  distance ;  and  explain  the  nature  of  the  cor- 
rection to  be  applied  if  the  temperature  vary. 

15.  Two  stars  are  observed  to  rise  at  the  same  time  in  a  given 
Satitude,^  and  when  one  has  reached  the  prime  vertical  the  other  is 
observed  to  be  on  the  six  o'clock  hour  line  ;  having  given  the  right 
ascension  and  declination  of  the  one,  find  the  right  ascension  and  d&« 
clination  of  the  other. 

16.  Find  the  equation  to  the  orbit  described,  the  angle  between 
ihe  apsides,  and  the  points  in  which  the  orbit  intersects  itself,  when 
a  body  is  projected  about  a  given  centre  of  force,  varying  as 

j^  +  jr^*  with  a  velocity  due  to  a  finite  space. 

17.  Apply  the  differential  equations  of  motion  to  determine  the 
time  of  vibration  of  a  chord  of  given  length  (a)  stretched  by  a  given 
weight,  the  equation  to  the  initial  curve  being 

t/  =  m  •  sin.-  .  x; 

and  shew  that  it  is  the  same  as  that  determined  from  the  general 
equation  of  vibrating  chords. 

IS*  Find  generally  the  content  of  a  solid  polyhedron^  and  apply 
the  expression  to  a  dodecahedron. 
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19.  Intearate  ^ — ; r- ^^  >  and  shew  the  use  of  inteirration 

*         1  +  c .  sin.**  * 

in  detennining  the  mean  annual  motion  of  the  Moon's  nodes. 

20.  In  the  expansion  of  e*  determine  the  coeflSicient  of  x\ 
^2\.     Prove  that 

,    ,  Jl.C08.fl    .    «.(«— 1)  OA        «  ^    /       ^\*  «d 

1  +  — J 1 1^~^-  «*s.20  +  &c.  =  2«  f  cos.-J   .  COS.-  ; 

and  that  sin.fl  sin.Sfl .  &c.  sin. (2m  +  1 )  .  fl  =  -^ 

if  (2n  +  l).fl=^; 
iind  also  the  sum  of  the  series 

1  -I-  2  cos.fl  +  3 .  cos.2fl  +  &c.  to  n  terms. 

22.  Integrate  the  following  equations  of  differences : 

(1).  Wx+2— fl'ttx^x'- 
(2X  tt;,+  i-a'tf,  =  0. 

23.  Apply  Lagrange's  theorem  to  determine  tf  from  the  equation 

^  =s  1  4^  m .  es'. 

.  24.  Find  the  curve  surface  in  which  the  distance  of  any  point 
measured  along  the  normal  from  the  plane  of  x  and  z,  is  equal  to  m 
times  the  distance  of  the  same  point  from  the  plane  of  y  and  Zj 
measured  along  the  same  line. 


CAIUS  COLLEGE,  Dec.  1828. 

1.  Find  the  time  in  which  a  circular  basin,  half  a  mile  in  diame- 
ter, and  10  feet  deep,  will  be  half  emptied  through  a  flood-gate  15 
feet  wide. 

2.  A  candle  is  placed  on  a  circular  table ;  find  the  nature  of  its 
shadow  on  the  floor. 

3.  Fihd  the  inclination  of  that  diameter  of  a  circle  to  the 
horizon,  the  time  through  which  =  2  time  down  the  vertical 
diameter. 
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4.  Explain  the  principle  on  which  achromatic  telescopes  are  con- 
structed. 

5.  A. perfectly  elastic  ball  is  projected  at  a  given  angle,  from  a 
given  point  in  an  horizontal  plane,  and  after  rebounding,  strikes  a 
given  object ;  find  the  velocity  of  projection. 

6.  Determine  the  length  of  that  chord  of  a  circle  passing  through 
the  lowest  point,  down  which  a  body  acquires  ith  of  the  velocity  in 
falling  down  the  diameter. 

7.  The  specific  gravity  of  air  being  a,  and  that  of  water  unity : 
if  fF be  the  weight  of  a  body  in  air,  and  W^  in  water,  prove  thatiu 

weight  in  vacuo  =  fV+  ^-£--  .(W^  fV^). 

8.  Explain  the  method  of  measuring  altitudes  by  means  of  the 
barometer  and  thermometer. 

9.  If  two  weights  acting  upon  a  wheel  and  axle  without  weight 
put  the  machine  in  motion,  find  the  pressure  on  the  axis. 

10.  Find  the  distance  of  the  point  of  suspension  from  the  centre 
of  a  given  sphere^  that  the  time  of  oscillation  may  be  a  minimum. 

1 1.  Find  the  image  of  the  arc  of  a  circle  placed  before  a  double 
convex  lens,  and  not  concentric  with  it 

12.  Find  the  time  of  oscillation  of  a  body  in  a  cycloid,  in  a  me- 
dium whose  resistance  is  constant. 

1 S.  The  radii  and  distance  of  the  centres  of  two  side  wheels  of  a 
coach  being  given,  a  particle  driven  from  the  highest  point  of  the 
hind  wheel  falls  on  the  highest  point  of  the  fore  wheel:  what  is  the 
velocity  of  the  coach  ? 

1 4.  The  specific  gravity  of  gold  is  1 8000,  of  silver  1 1000,  of  air 
1^ ;  tjhe  radius  of  the  Earth  is  4000  milea,  the  height  of  an  homoge- 
neous atmosphere  5}  miles,  and  the  whole  weight  of  the  atmosphere 
is  equal  to  the  weight  of  a  sphere  composed  of  a  mixture  of  gold  and 
silver  whose  diameter  is  55  miles :  required  the  proportion  of  gold  to 
silver. 
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CAIUS  COLLEGE,  Dbc.  1828. 

1 .  If  /  be  the  length  of  a  straight  line,  drawn  from  the  vertex  C 

of  a  triangle  bisecting  the  base  {2c)  ;  shew  that  the  area  of  the  tri- 

/*  —  c* 
angle  =  — —  •  tan.C. 

2.  Prove  that 

sin.3»  =  ;^ .  {(1  -  >/3)  .  >/(5  +  >/5)  +  (1  +  >/3) .  >/(3  ^  ^5)}, 

3.  Draw  through  a  given  point  in  the  diameter  of  a  circle  a  chord 
which  shall  form  with  the  lines  joining  its  extremities  with  either 
extremity  of  the  diameter,  the  greatest  possible  triangle. 

4.  Eliminate  a  and  b  from  the  equations  mx^  +  bi^^  sn  ax  -{-  In^. 

ax^+bt/»^bz.  (jf — a?). 

5.  Solve  the  equation  (9+5  >/3)  .  x^  +  (15+7  V^3) .  x+Ss^O, 
and  exhibit  the  roots  under  the  form  of  binomial  surds. 

6.  Sum        4^     +     2>    +    1^  + to  n  terms* 

1.2+4.5  +  7.8+ 

5. 3+ S.  1-1. 1  +  1. 3+  3.5 

7.  Find  by  the  method  of  continued  fractions,  a  series  of  fractions 
converging  to  >/(17). 

8.  Sum  the  series 

(cos.a+  \/  —  1  .sin.fl)  +  (cos.a+  j/  - 1 .  sin.a)^+ to  n  terms, 

and  thence  deduce  the  sums  of 

cosM  +  cos.2a+  •••  and  sin.a  +  sin.2a+ to  n  terms. 

9.  A  person  having  a  capital  of  £a,  spends  annually  a  sum  b, 
greater  than  the  interest  of  his  capital :  in  how  many  years  will  it 
be  exhausted? 

10.  Find  the  value  of  sin.x  in  the  equation 

sin.(x  —  a)  s=  ain.(x  —  2a). 
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1 1.  Find  whole  positive  values  of  x  and  y  in  the  equation 

Sx-'^^i  1, 
and  find  the  sum  of  the  first  twenty  values  of  y. 

12.  One  thousand  pounds  is  invested  in  the  three  per  cent  consols 
at  63  per  cent>  and  sold  out  afterwards  at  64 ;  required  Ihe  som 
gained  by  the  speculation. 

13.  If  squares  be  described  on  the  sides  of  any  triangle  and  the 
angular  points  of  the  squares  be  joined ;  the  sum  of  the  squares  of 
the  sides  of  the  hexagonal  figure  thus  formed  is  equal  to  four  times 
the  sum  of  the  squares  of  the  sides  of  the  triangle. 

14.  If  all  the  angular  points  of  a  regular  polygon  of  n  sides  be 
joined^  and  r  be  the  radius  of  the  circumscribing  circle ;  the  sum  of 
all  lines>  including  the  periphery  of  the  polygon,  Is  equal  to 

nr  cot.— • 
2ii 

15.  If  from  a  given  point  straight  lines  be  drawn  cutting  an 
ellipse,  the  locus  of  the  middle  points  of  the  chords  is  an  ellipse 
^milar  to  the  given  ellipse. 
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BELL'S  SCHOLARSHIP,  1826. 

L    Rbquibed  the  charge  on  £573.  ISs.  G^d.  at  12|  percent. 

8.  After  deductmg  a  charge  of  SJ  per  cent,  on  a  certam  sum, 
and  then  a  charge  of  6^  per  cent,  on  the  remainder,  the  result  is 
£,256.  ]5x.     Required  the  original  sum. 

S.  Reduce  ISx.  7^^  to  the  decimal  of  a  pound :  also  -|^  of  a 
shilling  to  the  decimal  of  a  crown. 

it.  Two  clocks  point  to  XII  at  the  same  instant ;  one  of  them 
gains  T^y  and  the  other  loses  6''  in  12  hours :  after  what  interval 
will  one  have  gained  half  an  hour  of  the  other?  and  what  o'clock, 
exactly,  will  each  then  shew  ? 

5.  If  two  angles  of  a  triangle  he  equal,  shew  that  the  sides  8uh« 
tending  them  are  also  equaL 

6.  Prove  that,  in  a  right-angled  triangle,  the  square  on  the  side 
suhtending  the  right  angle,  is  equal  to  the  square  on  the  sides  con- 
taining the  right  angle. 

7.  If  a  straight  line  be  divided  into  two  equal,  and  also  into  two 
unequal  parts,  prove  that  the  squares  of  the  two  unequal  parts  are, 
together,  double  of  the  square  of  half  the  line,  and  of  the  square  of 
the  line  between  the  points  of  section. 

8.  If  a  straight  line  touch  a  circle,  and,  from  the  point  of  con- 
tact, a  straight  line  be  drawn  cutting  the  circle,^shew  that  the  angles 
made  by  those  lines  will  be  equal  to  the  angles  in  the  alternate 
segments  of  the  circle. 

9.  Demonstrate  the  proposition  usually  cited  Ex  asquo.  {EucJid, 
Book  5,  Prop.  22.] 

10.  Shew  that  the  equiangular  parallelograms  have  to  one 
another  the  ratio  compounded  of  the  ratios  of  their  sides. 
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11.  Prove  that  two  straight  lines,  which  are  each  of  them  paral- 
lel to  the  same  ^straight  lines,  and  not  in  the  same  plane  with  it,  are 
parallel  to  each  other. 

12.  From  a  given  point  wiUumt  a  circle,  draw  a  straight  line 
which  will  cut  off  a  quadrantal  arc  of  the  circle. 

13.  In  a  right-angled  triangle,  a  and  6  are  the  sides  containing 
the  right  angle,  and  c  the  side  subtending  it :  prove  that  the  radius 
of  its  inscribed  circle  =  J  (fl  +  ^  —  c). 

U.    Multiply 

a*^  +  tf*-*»6*  +  fl*-*"6«*—  +  !!*&■-«•  +  h"*  by  a»  —  A*. 

V5  —  V  ^ 
1 5.     Solve  the  following  equations : 

(1>  «+«-  \/(a+ar)  =  a  -a?\/(a  — *); 


(4).  ar  +3^  = 


(5).  f  Jt^  +  i  ^  =  I ;  (shew  that  x  =  -6689). 


16.  The  difference  between  two  numbers  is  24>>  and  their  arith- 
metic mean  exceeds  their  geometric    mean  by  6 :    required  the 

Aumbers. 

17.  Prove  that 

.    .    m  (m  —  1) 

and  shew  that  if  the  nth  term  of  the  scries  be  multiplied  by 

m  —  («  —  I)    a 

■ —  ■  ■    .  — > 

It  X 

the  product  will  be  the  («  +  l)th  term. 
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18.  If  iVtssn  X  ICX,  shew  in  what  »^)ect  the  logarithms  of 
N  and  n  will  differ ;  and  having  given  the  logarithm  of  2*651 
(=  0.4234079)>  state  the  logarithms  of  ^Z65\,  and  of  -002651. 

19.  Find  the  sum  of  the  successive  mean  proportionals  between 
a,  ar ;  ar,  ar^ ;  ar-,  ar^ ;  ar^,  ai^ ;  ar^^  ar^ ;  —  ar*^,  ar*^^ ; 

Also  sum  the  following  progressions : 

^  +  ^+H  +  &C.  to  27  terms. 

20.  Find  an  equation/  each  of  whose  roots  is  less  bv  three^  than 
the  corresponding  root  of  the  equation  x^  —  15a:*  +71x—  105=0; 
and  from  thence  determine  the  roots  of  the  given  equation. 

21 .  In  an  oblique-angled  triangle,  having  given  two  sides  a  and  b, 
and  B  the  angle  subtending  6,  state  the  logarithmic  computation  for 
finding  A,  the  angle  opposite  to  a.  Explain  also  why,  in  some 
cases,  ^  will  have  two  values,  in  others  only  one. 

22.  Treatises  of  Trigonometry  usually  give  two  methods  of  find-i 
ing  the  angles  of  a  plane  triangle,  from  the  sides.  Describe  the  two 
processes;  and  prove  the  leading  proposition  on  which  each  method 
depends. 

23.  Prove  that  sin. Ja  =  >/(ir«  —  Jr  cos.fl), 

and  that  co6.j|a  =  V'Ci^*  +  i^  cosui)  ; 
also  from  the  first  expression,  find  the  sin.22<',  30^;  and  from  the 
second,  the  co8.15^ 

24'.  Shew  that,  in  the  equilibrium  of  two  weights,  acting  per« 
pendicularly  to  the  arms  of  a  straight  lever,  the  weights  are  reci- 
procally proportional  to  their  distances  from  the  fulcrum. 

25.  Prove  that,  if  a  body  be  moved  from  rest  by  the  action  of  an 
uniform  force,  the  space  described  will  vary  as  the  square  of  the 
time. 

26.  P  and  Q  are  connected  by  a  string  passing  over  the  top  of 
an  inclined  plane :  P,  descending  down  the  altitude,  draws  Q  up  the 
plane :  given  the  length  and  inclination  of  the  plane,  find  the  time 
of  Q's  ascent  to  the  top  of  the  plane,  and  the  velocity  acquired. 
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27.  A  clock  kwes  a  Becond  every  hour ;  required  the  alteration  to 
be  made  in  the  pendulum ;  the  length  of  the  true  seconds'  pendulum 
being  39*2  inches^ 

28.  Given  the  velocity  and  direction  of  projection  of  a  body^  to 
find  the  horizontal  range,  the  time  of  flight,  and  the  greatest  alti- 
tude. 

29.  Shew  that,  if  circles  be  uniformly  described  by  bodies  acted 

V*  R 

upon  by  forces  in  the  centers,  those  forces  vary  as  •=>  and  also  as  ^-* 

30.  Prove  that,  if  a  body  describe  a  circle  uniformly,  the  arc 
described  in  any  time  is  a  mean  proportional  between  the  diameter  of 
the  circle,  and  the  space  which  the  body  would  fall  through  in  the 
same  time,  if  acted  upon  by  the  force  which  retains  the  body  in  the 
circle. 


TRINITY  COLLEGE,  1820. 

1.  Find  the  value  of  £.3*869^  and  365'24'215  days. 
■  square  root  of  0676,  and  6-76. 
amount  of  f ,  i,  ^,  25^^- 

2.  If  twenty  men,  in  digging  a  canal,  must  pump  out  six  ions  of 
water  daily,  in  order  to  excavate  160  cubic  yards  in  a  week,  how 
many  cubic  yards  can  thirty  men  excavate  in  a  week,  supposing  them 
to  be  obliged  to  pump  out  eight  tons  of  water  daily  ? 

3.  If  S  denote  the  sum  of  the  even  terms,  and  S'  the  sum  of  the 
odd  terms,  of  the  expansion  of  (a  +  6)" ;  then  S^  '^  S'^=^(a^  '^  b^)*. 

6  2 

4.  Solve  the  equations,  — r— r  +  -  =  3  (A) 

X  -f-  1        X 

a:'-12a:+6  =  0  {B) 

xs—  2x2  —  13x  +  20  =  0  (C7) 

a:*  —  4a:»  +  5x«  -  4a:  +  1  =  0  (D) 

5.  Find  the  roots  of  an  equation  of  this  form  by  construction, 
viz,  x^  —  St^x  —  qf  =  0. 

6.  Compute  the  numerical  value  of  the  side  of  a  regular  decagon 
inscribed  in  a  circle,  whose  radius  is  ten  inches. 
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7.  The  three  angles  of  a  plane  triangle  being  given,  and  the  dis- 
tances of  the  three  angular  points  from  a  given  point  within  the  tri- 
angles,  to  find  the  sides. 

8.  The  complement  of  the  hypothenuse  of  a  right-angled  sphe^ 
rical  triangle  cannot  exceed  the  complement  of  either  of  the  other 
sides. 

9.  If  about  the  three  angular  points  of  a  spherical  triangle  three 
great  circles  be  described,  the  triangle  formed  by  these  latter  will 
have  its  sides  measures  of  the  angles  of  the  original  triangle,  or  of 
the  supplements  of  those  angles. 

1(X  In  a  given  parabola,  to  draw  a  diameter  which  shall  make 
with  its  ordinates  an  angle  equal  to  a  given  rectilineal  angle. 

1 1 .  Two  vertical  straight  lines  being  given,  to  place  them  at 
such  a  distance  asunder  in  the  same  horizontal  plane,  that  a  heavy 
bodv'Shall  be  as  long  in  falling  down  the  greater,  and  then  moving 
with  its  acquired  velocity  to  the  less,  as  it  would  be  in  falling 
down  the  less  vertical,  and  moving  with  its  acquired  velocity  to  the 
greater. 

12.  When  a  radiant  sphere  shines  upon  an  opake  sphere,  the 
lureadth  of  the  illuminating  portion  of  the  former  has  for  its  mea- 
sure the  same  number  of  degrees  as  the  dark  portion  of  the  latter. 

1 S.  The  distance  being  given  to  which  a  fluid  spouts  from  a  given 
orifice  in  the  side  of  a  cylindrical  vessel,  to  find  by  a  geometrical  con- 
struction the  height  of  the  fluid's  surface  in  the  vessel. 

14.  The  right  ascensions  and  declinations  of  three  stars  being 
given,  and  the  times  between  their  passages  over  the  same  vertical 
wire  of  a  telescope,  to  find  the  latitude  of  the  place ;  one  of  the  stars 
being  supposed  in  the  equator. 

15.  The  altitude  of  the  Sun  when  due  west,  and  also  at  six 
o'clock  P.M.  being  given,  find  the  latitude  and  Sun's  declination. 

1 6.  Having  the  focus  of  incident  rays  upon  a  medium  terminated 
by  two  plane  sides  inclined  at  a  given  angle,  find  the  focus  of 
emergent  rays. 

17.  The  exact  quantity  of  the  year  being  365*24215  days, 
explain  the  reason  of  the  corrections  in  the  civil  yeiU:  introduced  by 
Julius  Cssar  and  Pope  Gregory. 
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18.  Give  the  theory  of  the  Trade  Winds. 

19.  Prove  that  part  of  the  equation  of  time  which  arises  from 
the  obliquity  of  the  ecliptic  to  be  a  maximum  when  the  longitude  of 
the  Sun  equals  the  complement  of  its  right  ascension* 

20.  Compare  the  surface  of  a  sphere  with  the  area  of  its  great 
circle^  and  its  magnitude  with  that  of  its  circumscribing  cylinder. 


TRINITY  COLLEGE,  1821. 

L  To  find  the  locus  of  the  extremities  of  all  the  straight  lines 
that  can  be  drawn  from  the  circumference  of  a  ^ven  circle,  toward 
the  same  parts,  each  of  them  equal  and  parallel  to  a  given  finite 
straight  line. 

2.  To  find  the  centre  of  a  given  ellipse. 

3.  To  eonstruct  the  curve  of  which  the  equation  is 

ax^+in/^  +  bx  +  cy  +  dssO. 

4.  If  the  product  of  any  two  given  numbers  be  a  square,  each  of 
the  two  given  numbers  is  the  product  of  two  factors,  such 'that  the 
four  factors  are  proportionals. 

5.  Solve  the  following  equations : 
12  +  2ar   .  4a:  —  S       4ar  —  1       ^ 


(1). 


a:  +  S^2x  +  l        x  —  1 


(2).  a"»  — fr«-'X  c9»asO. 

(3).  2xy  +  07  +  y  —  195  =3  0,  (to  find  the  integral  values 
of  £and^). 

^  ^'   (yar— 3(%- 125«=sOj 

6.     If  none  of  the  coefficients  of  the  equation 

;r*  +  fla:— *  +  6x— «  +  &c.  +  g  =  0 
be  fractional,  it  cannot  have  a  fractional  root. 
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7.  To  compsre  the  chance  of  throwing  7,  with  the  chance  of 
throwing  8^  at  one  throtr,  with  three  common  dice. 

8.  Sum  the  following  series  . 

(X).  1  +  3  +  27  -h  64.  +  &c.  to  » terms. 
(2).  i+i  + A  +  W  +  ^c^  adinfinitum. 

(^>-  r^TsTi  +  sTs^  +  s^^ 

9.  (1).  Find  the  fluent  of  ^-^^^——^^——^, 


of 


xV(a«  -  v^) 


Z  heing  a  circuhur  arch,  of  which  x  is  the  cosine,  and  v  the  tangent ; 

1 

and  of 


(2).    Solve  the  fluzional  equation  xjf^  —yxy  — -^  a?  =  0. 

10.  If  il +  £  be  less  than  a  semicircle, 

A'^B     ver.  Mn.il  ^  ver.  sin.£  .      ' .     A  +  B 

„.__: ^ ::rad.:sm.-y-. 

11.  If  P  he  put  for  the  semi-perimeter  of  a  spherical  triangle, 
the  sides  of  which  are  denoted  bj  a,  &,  c,  and  the  opposite  angles 
hy  A,  B,  C, 

.  ,  ^      sin.P  sin.(P  —  a) 

COS.«  lA  ss  :— r-^; i. 

*  sin.6  8in.c 

12.  The  upper  extremity  of  an  inclined  plane  being,  given,  ta 
determine  its  position,  so  that  the  time  shall  be  a  minimum,  in 
which  a  body  falls  down  it,  and  afterwards  moves  to  a  given  point  in 
the  horizontal  plane,  with  that  part  of  its  acquired  velocity,  which  is 
not  destroyed  by  its  impact  on  the  horizontal  plane. 

IS.  A  given  sphere,  and  its  circumscribing  cylinder*  of  the  same 
vniform  density,  being  supposed  to  revolve  round  their  axes,  with' 
equal  angular  velocities,  to  compare  their  momenta. 
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H*  A  hollow  sphere  is  to  be  formed  of  a  substance^  the  specific 
gravity  of  which  is  greater  than  that  of  air,  in  the  ratio  of  n  to  Ij 
and  is  afterwards  to  be  filled  with  gas^  the  specific  gravity  of  which 
is  less  than  that  of  air^  in  the  ratio  of  1  to  m ;  the  thickness  of  the 
shell  being  given,  to  find  its  diameter  so  that  it  may  float  in  the  air. 

15.  To  describe  the  construction,  and  determine  the  magnifying 
power  of  a  Compound  Microscope. 

16.  To  describe  the  construction  of  an  Achromatic  Lens^  and 
explain  the  reasons  of  that  construction. 

17.  To  determine  the  Sun's  parallax,  from  observations  made  on 
the  transit  of  Venus. 

18.  The  times  of  a  star's  transit  over  the  meridian,  and  over  two 
vertical  circles  at  given  distances  frem  the  meridian,  having  been 
observed,  to  compute  the  latitude  of  the  place  of  observation,  iil 
terms  of  the  azimuths,  and  hour-angles  thus  given. 

19.  To  determine  under  what  circumstances  of  the  velocity  of 
projection,  a  body,  projected  from  a  given  point,  in  a  given  direo« 
tion,  and  acted  upon  by  a  force  inversely  proportional  to  the  mth 
power  of  the  distance  from  the  centre,  will  come  to  the  centre,  or  to 
an  apse. 

20.  If  a  body,  acted  upon  by  the  constant  force  of  gravity,  fall 
down  the  Concave  side  of  a  circular  arch,  the  tangent  of  which, 
where  the  body  begins  to  fall,  is  perpendicular  to  the  horixon,  to 
find  the  point  where  the  pressure  on  the  curve  shall  be  equal  to  an 
vf  th  part  of  the  weight  of  the  body. 


TRINITY  COLLEGE,  1827. 

I.  Parallelloorams  upon  the  same  base,  and  between  the 
same  parallels,  are  equal  to  one  another. 

2*  If  a  straight  line  be  divided  in  extreme  and  mean  rate,  the 
parts  into  which  it  is  divided  are  incommensurable  with  each  other. 

5.  If  Slbs  of  tea  be  worth  4lb6  of  coffee,  and  61b8  of  coffee  be 
worth  SCfifas  of  sugar,  how  many  pounds  of  sugar  may  be  had  fot 
91b8  0f  teai" 
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♦.  Solve  the  equation  —-^  +  -^  =  S  +  ^^~ 

5.  Suf^msing    ./  g  ■  i^-^  —  co8-0>  it  is  required  to  shew  that 

6.  Prove  ihat  8in.(^  +  B)  =  sm.ii  •  co8.B  +  co8.i4.nn.J3. 

7.  Given  the  Napierian  logarithm  of  4  &=  1*3865,  it  is  required 
to  assign  the  Napierian  h^arithm  of  5  to  4  places  of  decimals. 

8.  Find  the  locus  of  the  vertex  of  a  ^^\.  where  one  of  the 
angles  at  the  hase  is  always  double  of  the  other. 

9.  Investigate  the  difierential  equation  of  the  tangent  of  a  curve. 

10.  Integrate  the  following  differentials : 

dx 


(-). 


1  — x+a« 


*    cosuc 

1 1 .  The  sum  of  the  squares  of  any  two  semi-conjugate  diameters 
of  an  ellipse  is  equal  to  the  sum  of  the  squares  of  the  two  semi- 
axes. 

12.  The  area  of  a  spherical  ^.^  is  proportional  to  the  excess  of  the 
sum  of  its  angles  above  two  right  angles. 

IS.  In  any  lever,  the  two  forces  required  to  keep  it  at  rest,  are 
inversely  as  the  perpendiculars  from  the  fulcrum  upon  their  direc- 
tions,  ''  The  principles  and  propositions,  whether  assumed  or  proved, 
which  are  made  use  of  in  demonstrating  this  proposition,  are  required 
to  be  distinctly  stated." 

14.  A  cylinder  of  given  height  and  radius,  whose  lower  half  is 
lion  and  upper  half  wood,  is  placed  with  its  base  upon  an  inclined 
plane,  what  must  be  the  proportion  between  the  friction  and  pressure 
as  well  as  the  inclination  of  the  plane,  so  that  it  may  just  be  pre- 
vented from  sliding  and  falling  over? 

II 
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15.  J{t\te  the  spaee,  t  the  ttmo,  aq^/  the  force,  then 

16.  The  force  which  accelerates  the  descent  of  a  body  in  a 
cycloidt  is  proj^rtionQl  tp  the  dilti^np^  from  thf  lowest  points ;  ptove 
this,  and  shew  that  the  time  of  oscillation  is  the  same  both  in  grtot 
and  small  aicst 

17.  Find  the  law  of  forc^,  by  which  a  body  may  describe  %  circle, 
the  force  tending  to  an  eccentric  point ;  determine  likewisej  fropi  the 
requisite  data^  the  periodic  time. 

^  18/  }f  i  body  be  pmjeteted  from  ftrty  pc^iit  with  a  given  telodty 
and  attracted  to  a  centre  of  lofoe,  its  velooiiy  ftt  any  other  given  db- 
tanee  from  tho  oenlre  is  iviilopmcleiit  of  tb«  dlvaoticHi  of  projeatioQ. 

19.  In  ellipses  of  sm(dl  eccentricity,  tho  greatest  equation  of  the 
centre  is  nearly  equal  to  twice  the  eccentricity. 

20.  An  inflexible  and  imponderable  tei,  to  which  two  equal 
weights  are  attached,  is  fixed  to  a  given  point,  round  which  it 
vibrates ;  find  the  time  of  its  making  a  small  oscillation. 

21 .  Find  the  focal  length  of  a  double  concave  lens. 

22.  In  the  modem  construction  of  the  Newtonian  telescope,  the 
small  mirror  is  replaced  by  a  prism ;  explain  the  principle  and  advan- 
tages of  this  substitution. 

23.  The  water  in  a  olepsydra,  whose  form  is  a  solid  of  revolution 
round  a  vertical  axis,  descends  through  equal  spaces  in  equal  times ;' 
Had  the  equatiAn  of  tho  generating  ciirve.  .    . 

24*.    Is  the  Sun's  place  afibcted  by  aberration  ? 

25.  An  iron  globe  descends  in  water ;  find  expressions  for  the 
velocity  acquired,  and  the  space  described  in  a  given  time  from  the 
beginning  of  the  motion. 

26.  If  the  equations  of  two  planes  be 

il«  +  J9fy  + Cr=  1, 

««  +  iy  +  cr  =a  1  ; 

then  the  cosine  of  the  angle  between  them  is 

Aa-^-  Bb  -^  Cc. 

s/[^^  +  ^  +  0«) .  ^{o«  +  A«  -f  c«)' 
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TRINITY  SCHOLARSHIPS.  Anih  )8«9. 

1.  Equiaagalar  dT  tve  tap  aaah  olher  in  the  ratio  ooniiouiided 
bf  the  ratios  of  the  sides.    [Enclid  23,  Book  G.] 

2.  Gotiftruct  a  regular  tetrahedron,  and  pompute  the  angle  formed 
by  two  adjacent  surfaces. 

S.  What  is  the  discount  of  £70.  5i.  6d.  due  7  months  hence 
interest  being  aUowed  at  i|  per  cent } 

^6SX(70  +  H)_ 

2463  —  t*X"tfW-. 

s£l  15*.  lli^  4J|V 

4*.    Assign  the  values  of  x  in  the  equation 

sin.(x  +  a)  =  sin.(a;  •^a). 

I  Expanding  the  functions  of  binomial  angles,  we  get 
2eQS.««sin.aB0; 

/.*«?.   3. J  5.|.  7^.    «rc) 

5.  Find  integral  and  positive  values  of  x  in  the  equation 

7x  +  I7y  =  172. 

6.  Bvery  equation  has  as  many  changes  of  sign  from  +  to  — , 
or  from  —  to  -f,  at  it  has  positive  and  possible  roots,  and  as  many 
continuations  of  sign,  from  +  to  +,  or  from  ««  to  -«,  as  it  has 
negative  and  possible  roots. 

7.  Eiplain  the  mode  of  transfbrming  the  equation  of  a  curve 
from  one  system  of  co-ordinates  to  another,  and  apply  the  fbrmule  to 

B  2 
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transfarm  the  equation  y*  ss  2ax  +  x^  to  a  system  of  rectangular 
oo-ordinates^  making  angles  of  45°  with  the  fonner^  and  the  co* 
ordinates  of  whose  origin  aie  0  and  —  a  respectively* 

8.  Investigate  the  differential  expression  for  finding  the  length 
of  a  curve,  and  apply  it  to  find  the  length  of  the  cycloid* 

dx       "  s^dx  _    dx 

9.  Integrate  .-j—xTs'     ./^9. «V    "°* 


l  +  *+x«     i/(2ax  —  zl')  com' 


and  find  the  sum  of 

1.8^5.7^9.11^ 

10.  Find  the  equation  of  the  curved  surface  traced  out  hy  one  of 
the  angles  of  a  square,  in  constant  contact  with  a  spherical  surface^ 
without  slidmg  upon  iu  surface. 

11.  Find  the  centre  of  gravity  of  two  (x  more  bodies  considered 
as  material  points. 

12.  A  perfectiy  elastic  ball  let  fall  from  the  top  of  a  tower  meets 
anodier  at  half  the  height^  of  twice  its  weight,  and  which  was  pro- 
jected upwards  from  the  bottom  at  the  same  time ;  what  are  their 
motions  after  collision,  and  when  wiU  they  reach  the  ground  ? 

13.  What  is  meant  by  the  centre  of  percussion,  and  how  is  it 
found  ? 

14*.  A  double  convex  lens  is  placed  at  a  given  distance  from  a 
screen :  to  determine  the  position  of  the  object,  so  that  the  image 
may  fall  upon  the  screen ;  is  this  always  possible  ? 

15.  State  the  order  of  the  colors  in  the  primajy  and  secondary 
rainbows,  and  the'reason  of  their  being  the  inverse  of  each  otiier. 

16.  Detetmine  the  greatest  height  to  which  water  can  be  raised 
by  the  common  pump. 

17.  Investigate  the  precession  of  a  star  in  right  asoensiom 

18*  The  equation  of  time  is  Zero  four  times  in  the  year,  and  at 
very  unequal  intervals  of  time. 

19.  Find  the  law  of  force  to  tiie  focus  of  the  logaritiimic  spiral, 
and  find  an  expression  for  tiie  whole  time  of  descent,  frx>m  a  given 
distance,  to  the  centre  of  foDoe* 
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20.  A  body  is  projected  from  a  given  point  in  a  given  direction 
with  a  given  velocity,  and  is  repelled  from  a  givep  point  by  a  force 
varying  as  the  distance :  determine  the  orbit  described. 

21.  An  iron  baU  descends  in  a  fluid :  what  is  the  limit  of  its 
velocity? 

22.  The  Moon  is  retained  in  her  orUt  by  the  force  of  gravity. 

23«  Give  the  moment  of  inertion  round  any  axis  passing  through 
the  centre  of  gravity  of  a  body,  to  find  the  moment  round  any  other 
axis  parallel  to  the  former. 

24.  If  d  and  if  be  the  lengths  of  a  degree  of  the  meridian  at  the 
equator,  and  at  latitude  X  respectively,  and  a  and  h  the  equatorial 
1^  polar  diameters,  then 

a  sin.^ 


M'- 


cos.«^ 


25.  To  find  the  nature  of  the  curve  when  the  normal  bears  a  con- 
stant ratio  to  the  part  of  the  axis  intercepted  between  the  origin  and 
the  normal* 


TRINITY  COLLEGE,  1829. 

1.  Equiangular  no*  have  to  one  another  the  ratio  which  is 
compounded  of  the  ratios  of  their  sides. 

2.  If  two  straight  lines  be  JL  to  the  same  plane,  they  are  ||  to 
one  another. 

3.  Required  the  value  of  the  Metre  of  France  in  terms  of  th^ 
foot  of  Cremona ;  if  48  feet  of  Cremona  =:  56  English  feet  and  the 
metre  »  39  -  S71  English  inches. 


4.     Solve  the  equations 


(fi).  1  —  8in.a  =  2  sin.«f «  -  ^j- 
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(y).  aa^  +  4as^'^6ajs^  +^x  +  ascO. 
(»).  U»  +  5yaBl00. 

5.  Prove  that 

8in.il  +  sin.B  =  2  sin.  — —--  cos. — 5 — 9 

and  abo  tbat         ««"^"*  >=  cob.^  -t^  y^*^!  .  tin.*. 

6.  Small  spherical  .^A*  may  be  considered  rectSlnear,  without 
sensible  error. 

7.  The  roots  of  the  reducing  cubic  equation  in  Des  Cartes'  Solu- 
tion of  a  biquadradc  are  quadruple  of  the  roots  of  the  leduoing  outnc 
equation  iti  Euclid's  Sdutioii. 

8.  Determine  the  position  of  the  centre  and  axes  of  the  dlipia 
represented  by  the  equation 

Ajf''  +  C*«  +  Dy  +  £4?  +  2J'  =  ft 

all  the  coefficients  being  supposed  positive. 

9.  Investigate  the  difibrentUl  expression  for  th«  radius  of  th«  O 
of  ciurvature. 

What  are  the  analytical  and  what  the  geometrical  properties  «f  the 
0  of  curvature,  and  how  are  they  dependent  upon  each  other. 

10.  Integrate 

in  a  series  which  converges  rapidly  when  e  is  nearly  »  l. 

11.  Find  the  equation  of  the  epicycloid  when  the  radius  of  the 
generating  0  is  equal  to  the  radius  of  the  base ;  and  deteimine  its 
area. 

12.  In  the  game  of  whist  what  is  the  chance  of  the  dealer  hav* 
ing  the  four  aces? 

13.  In  the  lever  the  velocity  of  the  weight  is  to  the  velocity  of 
the  power  as  the  power  is  to  the  weight. 

14.  Prove  that         ^^  =  ^»  ^'^  '^^TH* 

15.  Find  the  length  of  a  pendulum  which  would  osdUate  bnoe 
in  the  period  of  a  satellite  at  the  Earth's  equator. 
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16.  A  sphere  rolli  down  an  indin^d  fhm ;  fiad  the  ibfoe  aoee- 
lerating  iu  dfisoeot. 

17.  When  two  or  more  bodies  move  uniformly  in  straight  lines 
their  centre  of  gravity  also  moves  uniformly  in  a  straight  line. 

18.  The  power  of  a  compound  lens  is  the  sum  of  the  powers  of 
the  component  lenses. 

19.  What  is  meant  by  the  ^rror  of  collimation  in  a  telescope  ? 
How  is  it  corrected  ? 

20.  Find  the  centre  of  pressure  of  a  Bluice-gste  in  the  form  of 
•n  isosceles  ^y\r  whose  base  coincides  with  the  surface  of  the  fluij. 

2 1 .  Find  the  precession  of  a  star  in  right  asisensipn. 

22.  What  is  the  greatest  number  of  eclipses  of  the  Sun  and 
Moon  which  can  happen  in  a  year  ? 

23.  To  find  the  law  of  force  to  the  foMs  of  a  Idglrithpuc  spiral. 

24.  Let  the  force  x  tt: — r;^  and  let  a  body  be  projeded  in  any 

direction  from  a  given  pointy  widi  a  velocity  less  than  that  in  a  0  at 
the  same  distance,  to  determine  the  orbit  described. 

25.  Hife  length  of  a  degree  J.  ^  the  meridian  Is  always  greater 
than  that  of  the  degree  of  the  eorraspondipg  Bieridian» 

26.  At  a  given  plane,  at  a  given  hour,  and  on  a  given  day,  re- 
quired the  point  of  the  compass  on  which  a  rainl^ow  wpuld  appear. 


TRINITY  COLLEGE,  Amt  UM* 

1.  TniANOLBs  upon  equal  bases  and  between  the  same  parallels, 
are  equal  to  one  another. 

2.  fiqual  pafaUdograms,  which  have  one  angle  of  one  equal  to 
one  angle  of  the  other,  have  their  sides  about  the  equal  angles  red* 
ynically  piepoHional  and  eonvenely* 

S.  Find  the  radius  of  a  sphere  described  about  a  given  agnl^r 
tetrahedron. 

4*.  Multiply  54*6  by  8*93  in  the  duodecimal  scale :  and  if  the 
units  in  the  factors  be  feet,  esfress  the  product  in  square  yards,  feeti 
and  inches. 
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5.  The  sidei  of  a  triangle  are  17*09  and  93*^51,  and  the  angle 
opposite  to  the  greater  of  them  is  9SM6' :  find  the  angle  opposite  to 
the  less, 

Iog.l709«3-2S27421, 

log.93451  =  4*9705840, 
log.  sin.86».44'  =  9'9992938, 
log.  sin.lO».3r  =  9*2614519, 

6.  Explain  the  theory  and  use  of  the  columns  of  proportional 
partSi  in  tables  of  logarithms. 

?•    Solve  the  equations : 

^'^^^  J? +  2"*  8a: -20"*  13 

(y).  8in.(x  +  fl)  +  cos.(aJ  +  a)'=  8in.(a:  -» «)  +  cos^a:  —  a) 

8.  Eliminate  x  from  the  two  equations 

a?*  — (2y«  +  l)x«  +  y +y«-20  =  0> 
«*-.2^«+^«— 49  =  0.  3 

9.  In  a  game  of  pure  skill,  if  A'b  skill  be  to  Fs  as  3  to  1,  what 
is  the  chance  of  ^s  winning  3  games  out  of  4  ? 

10.  Define  a  differential,  and  from  your  definition  find  the  di& 
ferential  of  a*. 

1  i .    Draw  a  tangent  to  a  cycloid  and  determine  its  area. 

12.  All  paralldflgrams  whidi  circumscribe  an  ellipse  are  equal  to 
each  other. 

13.  In  what  respect  are  the  curve  surfaces  represented  by  th« 
equations 
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disftingaished  from  each  other  ?  Find  the  length  of  a  normal  to  the 
former,  intercepted  between  the  surface  and  anj  one  of  its  principal 
sections. 

I*.    Intessrate   . ~ — r-rr^    -tt .    ,  ov* 

rfOcos.fl  ,   . 

and  the  equation 


a-\r  h  co8.d 


15.  Find  the  distance  of  the  centre  of  gravity  of  any  number  of 
given  bodies  from  a  given  plane;  the  distance  of  the  centre  of  gravity 
of  each  body  from  the  plane  being  given. 

16.  IfP(5)  draws  up  Q  (9)  by  means  of  a  string  passing  over 
a  fixed  pulley,  find  the  force  accelerating  P's  descent  and  the  space 
described  in  f  (10):  the  weight  of  the  string  and  the  inertia  of  the 
pulley  being  n^lected. 

1 7.  Investigate  the  conditions  of  the  equilibrium  upon  the  screw. 
18*    The  centres  of  oscillation  and  suspension  are  reciprocal. 

19.  Upon  what  do  the  magnifying  power,  brightness,  distinct- 
ness, and  achromatism  of  the  astronomical  telescope  depend? 

20.  Find  the  deviation  of  a  ray  passing  through  a  prism,  whose 
tefracting  angle  is  considerable. 

21.  Show  how  to  find  the  approximate  solution  of  the  equatbn, 
which  expresses  the  relation  between  the  eccentric  and  the  mean 
anomaly. 

22.  Find  the  ptecession  of  a  star  in  R.  A. :  when  is  it  cero  ? 

23.  Investigate  a  formula  to  express  the  acceleratbn  of  the  time 
of  rising  of  a  given  star  by  the  horijEontal  refraction. 

24.  Prove  that  the  pressure  upon  any  portion  of  a  vessel  filled 
tvith  fluid  of  uniform  density,  is  equal  to  the  weight  of  a  column  of 
fluid  whose  base  is  the  area  of  the  surface  pressed,  and  altitude  the 
peirpendicular  depth  of  its  centre  of  gravity,  bebw  the  surface  of  the 
fluid* 
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35.  Find  the  law  of  force  acting  in  parallel  Unei^  hf  wUdi  a 
kodjr  najr  be  made  to  deaeribe  a  portion  of  a  airck^ 

26.  A  body  is  projected  from  a  given  pointy  in  a  given  dilfec* 
tion>  with  a  given  velocity  above  a  given  plane :  find  the  orbit 
described  when  it  i0  repelldi  6om  the  plane  by  a  Ibroe  varying  as  its 
distance  from  it. 

27.  Determine  the  attractioti  dl  an  oblate  spheroid  upon  a  particle 
situated  at  its  equator. 

28.  The  Moon  is  retained  in  htr  orbit  by  Iha  force  of  gravity. 
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TRINITY  COLLEGE,  1819. 

1.  AOi^limliadl501bi.oftea,oFwliielilie8Dld5QnM.lit98^per 
pound,  and  found  that  he  was  then  gaining  txAy  7^  per  eent.  But 
he  wished  to  gala  10  per  eeat  on  the  whole.  At  What  rate  mast 
th«  feniiiiiiiig  lOOlha.  be  sold  that  he  naj  tttala  his  wishes  t 

2.  Solve  the  following  equations : 

^       ^  +  y'  +  S^^*^- 

(2).  »  — ^/a;s=Sr*y  ? 
or  —  tygoK^f^X'S 

(S).    «*-6«3+7a:«— 5a;-6=s0. 

(4).  jr*  =  a  (by  approximation). 

8.  to  what  time  will  a  sum  of  umay  plaoed  at  compound  in« 
teiest  double  ksdf  at  4|  per  oeat.  f 

-4.    Bfi^uiied  the  value  of  the  mfinite  series 

^(18>f  189) 

^(U  4-  189) 
^(18  +  &c) 

5.  tlcquiied  the  value  of  y  in  the  following  equalioM,  wheti 
x  =  l: 

0).  y  =  (!  —  «)•  toa-^  (ir  =  senu-cinjomfepence   of  » 
circle,  rad. si). 

^  ^  <^       1—0?  +  log.a: 
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6.  Transform  the  equation  x'  —  5x^  +  8x^^5=0  into  one 
whose  roots  are  the  squares  of  the  differences  of  every  pair  of  roots : 
and  show  the  mode  of  determining,  from  the  transformed  equation^ 
the  impossible  roots  in  the  original  equation* 

7.  From  a  bag  containing  four  white  and  eight  black  balls,  three 
persons  {A,  B,  and  C)  take  each  a  ball  in  turn,  viz.  A  first,  then  B, 
then  C,  and  so  on  in  succession,  until  the  person,  who  first  draws  a 
white  ball,  wins.    What  are  their  respective  chances  ? 

8.  In  a  spherical  trian^,  the  two  sides  and  the  angle  between 
them  being  given,  find  the  base. 

9.  The  vertical  angle  of  an  isosceles  spherical  triangle  is  always 
greater  than  the  angle  included  between  the  chords  of  the  equal 
aides* 

10.  Sum  the  following  series  i 

(1).  2  +  6+12+20to« terms. 

(3).  cos^  +  \  cmSA  +  \  do8.3i<  +  &c.  to  n  terms. 

11.  Sum  the  series  sin.f  X  sin«6  +  sin.2f  X  sin.2d  &&  to  m 
terms ;  and  show  that  when  n  is  infinite,  the  sum  ss  0  whatever  be 
the  ratio  of  f  to  0,  except  that  of  equality. 

12.  A  body  attracted  towards  a  centre  by  a  force  varying  in« 
versely  as  the  square  of  the  distance  from  the  centre,  meets  at  a 
given  point  of  its  rectilinear  descent  with  a  plane  inclined  at  an  angle 
of  45*^.  Required  the  time  from  the  beginning  of  motion  to  its 
reaching  the  centre. 

13.  A  cylindrical  wheel,  whose  weight  is  P,  unwinds  itself  fixmi 
a  string  passing  round  its  circumference,  what  weight  {W)  attadied 
to  the  extremity  of  the  string  will  be  kept  at  rest  on  a  plane  6i  given 
elevation  as  P  descends  vertically  ? 

H.  A  sphere  and  its  circumscribing  cylinder  revolve  round  their 
common  axis.  Required  the  ratio  of  the  momenta  generated  in  a 
given  time. 

15.  An  homogeneous  circular  wheel  vibrates  edgeways,  being 
suspended  from  a  point  in  the  circumference.  Required  its  centre 
of  oscillation. 
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16.  Find  the  oeatre  of  gravity  of  the  area  included  by  ihe  arc  of 
a  cycloid,  by  a  tangent  at  the  vertex,  and  by  two  rectangular  ordi* 
nates  equi-distant  from  the  vertex* 

17.  In  the  common  parabola  the  radius  of  curvature  is  equal  to 
the  cube  of  the  normal  divided  by  the  square  of  the  semi-parameter. 

18.  Trace  the  curve  whose  equation  is  y  =  +  —^ — j 

and  find  the  angles  at  which  it  cuts  the  line  of  the  abscisse. 

19.  0  is  the  centre  of  the  circular  arc  AB.  OBT  is  the  secant. 
The  exterior  part  BT  is  continually  bisected  in  P.  Required  the 
area  traced  out  by  OP. 

SO.    Two  balls,  A  and  B,  are  previous  to  motion  at  a  given  dis- 
tance from  each  other  in  the  same  vertical  Kne :  from  what  height 
above  the  horizontal  plane  must  A  be  let  fall-^so  that  B,  which  is  • 
perfectly  elastic,  may,  after  reflection,  meet  ii  at  a  given  distance 
above  the  plane? 

21.  Two  balls  lying  on  a  horizontal  plane  are  connected  by  a 
string  of  unlimited  length  which  passes  through  a  ring  in  the  plane* 
One  of  the  balls  is  projected  in  a  given  direction  with  a  given  velo* 
city  and  draws  the  other  towards  the  ring.  Required  the  curve 
which  the  projected  baU  describes. 

m.    Find  the  following  fluenta! 

-771 =:;* 

v(i  —  »^) 

construct  the  fluent     i      .  ^    ,  . — r»  when  a  is  less  than  1 ; 
and  the  relation  of  «  to  y  in  the  equation 

23.  In  any  curve  referred  to  an  axis,  the  ordinate  is  a  maximum 
or  a  minimum,  when  in  the  equation  y  ss  fx,  an  odd  number  of  dif- 
ferential coefficients  becoming  =  0,  the  difierential  coefficient  of  the 
succeeding  order  is  negative  or  positive.  And  there  is  a  point  of 
contrary  flexure  when  an  even  number  of  differential  coefficients  be- 
coming SB  0,  the  differential  coefficient  of  the  succeeding  order  is 
real  and  finit<d. 
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94f,  A  body  ufged  bjF  a  constaiit  fi»ree  in  an  tiiiHSirm  retMng 
nediimi  ia  projeeted  in  a  direetkm  eontuaj  to  tlid  aetioii  af  die  Itooa 
with  a  certain  Telodtj ;  it  is  required  to  determine  the  Tdeeitf  at 
any  poial  of  the  a9eent»th9  iMiitanc^  bmg  roppoiad  piepoatiooal  to 
tba  ii«iiaia  of  tha  vakmty.  Fiod  a|ao  tlM  imMH  heii^  to  whieh 
the  hpdjr  will  aiqend. 


TRINITY  CQfcl^EOE,  WM. 

1.  Isf  a  plane  triangle  the  Tertieal  angle,  the  perpendicular^  and 
the  leetangle  under  the  legments  of  the  baie  habg  gitren,  it  is  aa« 
4|uired  to  eonstruet  the  triangle. 

2.  Solve  the  equation  «^  —  -3 5^  +  2  =  0,  tworootsbeing 

of  tha  Ifarm  a  and  ~.    And  find  the  number  of  all  the  posiible  Talim 
o 

in  integer  numbers  of  x,  y  and  z  in  the  equation 
5x  +  7y  +  llaa324. 

3.  What  are  the  dimensions  of  the  stimgett  reata^galar  baami 
that  can  be  made  dut  of  a  given  qylinder,  when  placed  to  the  most 
advantage  ?  and  what  is  its  strength,  compared  with  that  of  the 
greatest  square  beam  cut  out  of  the  same  cylifider  i 

4.  In  the  wheel  and  axle  (the  inertia  of  which  maj  be  neglected) 
required  the  ratio  between  the  radiij  when  a  weight  (t)  acting  at 
the  circumference  of  the  wheel  generates  in  a  given  time  the  greatest 
momentum  in  a  weight  (FT)  attached  to  the  circumference  of  the 
axle. 

•   5.    Tangent  of  half  the  spherical  axoess 

tan.jfe  X  tan.ic  X  8in.i4 
1  +  tan.|i  X  tan.Jc  X  oo^A 

where  &,  <;,  and  A  «« the  two  sidea  and  included  anglea  of  a  Bph»» 
rical  triangle. 
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6%  Tha  eiieis  of  the  Sun'i  loiis(tu4e  aliove  Us  right  aaoensiim 
may  be  found  by  Uie  equation 

tan.(i  -  R.  A.)  =  j-^-^-^-^—— -^. 

• 

7.  Find  an  exprMAlon  Cram  wUdi  the  e&ct  of  paraUai  upon  the 
horary  angle  may  be  accurately  calculated;  the  hofuontal  paiallax^ 
the  pdar  distance  of  the  heaVenly  body^  and  the  time  bifare  or  after 
transit,  being  the  only  given  ^lequepts- 

8.  If  an  orifice  were  opened  half  way  to  the  centre  of  the  earth, 
what  would  be  the  altitude  of  the  mereury  in  a  barometer  at  the 
bottom  of  it,  when  the  altitude  at  the  surftce  is  90  inches. 

9.  A  vessel  formed  by  the  revolution  of  a  parabola  round  its 
a^ps  is  placed  with  its  vertex  downwards,  in  which  there  is  ah  ori- 
fice one  inch  in  diameter.  A  stream  of  water  Tuns  into  the  vessel 
through  a  pipe  of  two  inches  diameter  at  the  uniform  rate  of  eight 
feet  per  second.  What  will  be  the  greatest  quantity  ct  water  in  the 
vessel,  supposing  the  }atus  lectuni  t^  be  six  feet  ? 

10.  Find  the  present  worth  of  the  reversion  of  a  freehold  estate 
after  the  doath  of  a  person  now  iwty  years  efeget  thetate  of  intesest 
being  given  ? 

1 1 .  When  a  niy  of  li(^t  passes  out  of  one  medium  faito  another, 
as  the  angle  of  ineidenoe  increases,  the  angle  of  deviadoa  also  tn« 
creases. 

12.  To  fliid  the  least  velocity,  with  which  a  body  projected  at  a 
given  angle  of  elevfition  will  not  return  to  the  earthV  surfaee.«^To 
find  also  the  latus  rectum  of  the  orbit  describedi  and  the  poiitipn  of 
the  axis. 

13.  Supposing  the  Moon's  orbit  at  present  to  be  circular,  what 
would  be  the  eccentricity  of  it  afi4  the  periodic  time,  if  the  attraction 

of  the  earth  were  diminished  -  part  ? 

H,    Find  the  sum  of  the  following  series : 

(1).  8in.(i4)  +  sin.(^  +  B)  +  mn.{A  +  M)  fte.  ad  itifin. 
ipk).  aos.^  +  eosJil  <f  eos.5i4+  k^  ad  injin. 
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^^^1.2. 3. 4  +  2.3.*. 5  +  3. 4. 5. 6*  *'*°"  **^"' 
by  the  method  of  increments. 

1 5.  Find  the  following  fluents : 

(3,)  /  »y((fi  -^J^yx  x£,   between  the  values  x^O,  and 
xssa;  and  solve  the  fluctional  equation r  ^  =  d. 

16.  A  and  £  put  down  equal  stakes^-— il  has  m  chances  of  sue* 
cess^  and  B,  n  chances.  There  are^  moreover,  p  chances,  which  en« 
title  both  parties  to  withdraw  their  stakes,— to  find  the  gain  of  A, 

17.  Two  equal  weights  are  placed  at  a  given  distance  from  each 
other  on  a  straight  rod  supposed  to  be  without  weight  Find  the 
point  of  suspension,  so  that  the  pendulum  may  vibrate  seconds. 

18*    Construct  the  curve  whose  equation  is 
(a  — a?)'. (a  +  «)5=:a:*yS 
and  shew  whether  there  are  any  cusps. 

1^  Invenire  incrementum  horarium  aree,  quam  luna,  radio  ad 
tenam  ducto,  in  orbe  drcuiari  describit 

20.  Let  the  force  to  a  centre  vary  as  the  distance,  to  find  all  the 
various  curves,  along  which  a  body  may  move,  so  that  its  osdllationa 
may  be  isochronous. 

2K  Given  the  diameters  of  two  planets,  and  the  periodic  times 
and  distances  of  their  respective  satellites;  compare  their  densities 
and  quantities  of  matter. 


TRINITY  COLLEGE,  1827. 

1.  State  the  difl*erence  between  Geometrical  Analysis  and 
Synthesis,  and  give  an  example.  Why  are  ordinary  operations  in 
algebra  termed  analytical  f 

2.  If  A,  &,  c  be  the  angles  Which  a  X  '  uponaplanej  drawn  from 
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the  co-ordinates^  makes  with  the  three  rectangular  azes«  and  if  x^^, 
z  he  the  co-ordinates  of  any  point  in  the  plane^  then 

X  cos.fl  +  y  C0S.6  +  z  C08.C  =  ^. 

3.  Every  equation  of  an  odd  numher  of  dimensions  has  at  least 
one  possible  root. 

4.  What  are  the  analytical  and  geometrical  properties  of  the 
circle  of  curvature,  and  in  what  manner  are  they  dedudUe  from  each 
other? 

5.  If  ^  =  F  (z  +  Jw)  where  ti  is  a  function  of  ^>  then 

dx  dz 

6.  Determine  the  locus  of  a  J.  upon  the  tangent  of  a  curve 
whose  equation  is 

drawn  from  a  point  whose  co-ordinates  are  V(a<  —  6^)  and  0. 

7.  If  D  be  the  observed  angle  between  any  two  equals  whose 
elevations  or  their  sines  are  a  and  i/  respectively,  and  if  H  be  the 
corresponding  angle  reduced  to  the  horizon,  then 

^'^T^'i^"  +  «')'-*«nf  -  («  -  «'>*«>*•§}• 

8«  A  cylinder  pierces  a  ^here,  its  axis  not  passing  through  the 
centre :  find,  from  the  requisite  data,  the  volume  which  is  cut  out 

9.  The  series 

8m.i4  +  sin.(i4  +  B)  +  on.iA  +  2B)  +  &c. 
is  a  recurring  series :   find  its  scale  of  relation,  and  its  sum  to  n  - 
terms. 

10.  The  moment  of  the  resultant  of  two  forces  is  the  algebraical 
sum  of  the  moments  of  the  component  forces. 

11.  Explain  fully  the  method  of  determining  the  accelerating 
force  of  P's  descent,  when  P  raises  fV  over  a  single  moveable  pulley : 
the  inertia  of  the  pullies  being  taken  into  account. 

12.  A  given  conical  vessel  filled  with  water,  is  placed  with  its 
base  on  a  horizontal  surface :  compare  the  pressures  on  its  base  an^ 
sides  with  the  wdght  of  the  fluid. 
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13.  The  conjugate  foci  in  a  spherical  reflector  move  in  the 
same  direction  upon  its  axis  and  coincide  at  the  surface  and  centre. 

14.  What  is  the  Newtonian  hypothecs  to  explain  the  reflection 
and  refraction  of  light  ?  Shew  in  what  manner  the  constancy  of  the 
ratio  of  the  sines  of  incidence  and  refraction  may  he  deduced  from 
it. 

15.  To  find  the  deviation  of  a  transit  instrument  from  the  plane 
of  the  meridian  by  the  observed  superior  and  inferior  transits  of  the 
same  circumpolar  star. 

16.  Shew  that  the  calculations  of  the  beginning  and  duration 
of  an  eclipse  of  the  Moon,  of  an  eclipse  of  the  Sun,  of  an  occultation 
of  a  fixed  star  by  the  Moon  or  a  planet,  and  of  the  transit  of  Venus 
or  Mercury  over  the  Sun's  disc,  are,  after  proper  modifications,  re- 
ducible to  the  solution  of  the  same  problem. 

17.  Compare  the  time  of  the  Moon's  falling  to  the  Earth  by  the 
action  of  gravity,  with  her  periodic  time. 

18.  When  the  force  varies  inversely  as  (dist.)' :  from  the  requi- 
site data,  find  the  path  of  a  projectile,  the  velocity  being  less  than 
that  in  a  circle  at  the  same  distance. 

19.  A  particle  is  placed  in  the  centre  of  a  thin  hemispherical 
shelli  to  every  particle  of  which  it  is  attracted  by  forces  varying 
inversely  as  the  square  of  its  distance :  determine  the  circumstances 
of  its  motion. 

20.  Given  the  length  of  a  degree  of  the  meridian  in  a  given 
latitude,  with  the  length  of  a  degree  _l_  to  the  meridian  at  the  same 
place,  to  find  the  ratio  of  the  polar  and  equatorial  diameters. 

.    21.     Explain  the  physical  causes  of  evection  and  variation  of  the 
Moon. 

22.  What  is  the  peculiar  use  and  advantage  of  Mercator's  pro- 
jection for  the  purposes  of  navigation. 

23.  What  would  be  the  effect  of  the  Moon's  action  upon  the 
Earth,  supposing  she  had  no  rotation  round  her  axis  ?  Explain  the 
change  of  this  effect  which  is  produced  by  her  rotation. 


Digitized  by  VjOOQIC 


Coll.  18S8.]  FOR    FELLOWSHIPS.  259 


TRINITY  COLLEGE,  1827. 

\,  What  is  the  solid  content  of  a  cube  whose  edge  is  6  feet  6 
inches. 

2.  To  construct  a  CHJ,  which  shall  be  equal  to  a  given  ^\ 
and  have  an  Z  equal  to  a  given  Z . 

3.  Those  >\*  are  similar,  which  have  their  sides  about  an  equal 
angle  in  each  proportionals. 

4.  Solve  the  equation 

36  12 

a:2  +  ~  -  2j;  -  —  =  3. 

X*  X 

5.  Find  integral  values  of  x  and  y  in  the  equation 

7x  +  19y  =  73. 

6.  Given  two  sides  and  the  included  angle  of  a  plane  ^^ :  in- 
vestigate and  adapt  to  logarithmic  computation  the  proper  formulae 
for  finding  the  remaining  side  and  angles. 

7.  Define  a  differential,  and  apply  it  to  determine  the  differen- 
tial of  a^, 

8.  Investigate  the  relation  between  the  power  and  the  weight 
upon  the  inclined  plane. 

9.  In  different  ellipses  round  the  same  focus,  the  periodic  times 
are  in  the  sesquiplicate  ratio  of  the  major  axes. 

10.  The  volume  of  a  sphere  is  J  of  its  circumscribing  cylinder. 


TRINITY  COLLEGE,  Sept.  1828. 

1 .  Draw  from  the  vertex  of  a  triangle  a  straight  line  which 
shall  be  a  mean  proportional  between  the  segments  of  the  base. 

How  many  answers  does  this  question  admit  of? 

2.  Solve  the  equation  x^  -f-  x  =  500,  and  find  a  root  to  two 
places  of  decimals. 

s  2 
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How  many  pos5dble  roots  are  there  ? 

3.  Find  the  centre  of  gravity  of  a  frustum  of  a  cone.  Shew 
the  position  to  which  it  tends  as  the  ends  tend  to  tHjuality. 

4u  K  L  describes  about  T  aieas  proportional  te  the  times^  L  is 
acted  upon  by  a  force  which  tends  to  T. 

Explain  particularly  the  case  where  T  is  in  motion. 

5.  If  ^  (X  sf*  in  one  curve  and  y  a  a*  in  another,  m  being 
greater  tbafn  n,  shew  that  the  first  curve  always  falls  between  the 
other  and  its  tangent  in  the  immediate  neighbourhood  of  the 
vertex. 

6.  Corporis  in  datS  trajectoria  parabolied  moti,  invenire  locum  ad 
tempus  assignatum. 

7«  Shew  how  we  may  find  by  observation  the  place  and  time  of 
the  equinox. 

^.  When  a  body  descends  in  a  fluid,  find  the  greatest  velocity 
which  it  canr  acquire.  Hence  knowing  the  rate  at  which  a  powder 
descends  in  a  fluid,  find  the  siire  of  its  particles. 

9.  A  particle  moves  upon  a  given  surface  acted  upon  by  no 
force.  Determine  its  motion.  What  will  be  the  path  in  the  case  of 
a  cone  ? 

10.  By  three  observations  of  a  solar  spot  determine  the  position 
of  the  Sun's  axis  of  revolution. 

11.  If  a  ray  diver^ng  from  the  origin  of  co-ordinates  x,  y  falla 
upon  the  curve,  the  distance  to  the  point  where  it  cuts  the  axis  after 

reflexion  will  be  ==y-^^;^P^::>y>,wherep  =  ^. 

12.  In  a  triangle  the  continued  product  of  the  four  radii  of  the 
circles  of  contact  is  equal  ta  the  square  of  the  area  of  the  triangle. 

13.  Given  the  length  of  a  curve,  to  find  its  form  that  the  centre 
of  gravity  may  be  the  lowest  possible. 
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TRINITY  COLLEGE,  Sepv.  1828. 

3 .  If  a  straight  line  falls  on  two  parallel  straight  lines,  it  makes 
the  alternate  angles  equal  to  one  another. 

What  is  the  difficulty  of  proving  this  proposition  satisfactorily  ? 
Mention  any  of  the  ways  by  which  mathematicians  have  endeavoured 
to  get  over  this  difficulty. 

2.  Two  points  are  taken  on  a  wall  and  joined  by  a  line  which 
fMLSses  round  a  comer  of  the  wall.  This  line  is  the  shortest  when  its 
parts  make  equal  angles  with  the  edge  at  which  the  parts  of  the  wall 
meet. 

3.  Prove  the  formule 

tan.f-  ±  —  j  =  aecA  ±  tan.i4, 

2tan.-'^+ tan.-»|=:-. 

4.  From  the  equation  ^  =  .-  ,      ■  draw  the  curve.     Find  the 

angle  at  which  it  cuts  the  axis,  and  whether  the  area  from  x  =  0  to 
X  s=  inf.  is  finite  or  infinite. 

5.  If  ^  =  cosmT  prove  that 

cos.mx=±  Jl-3-|.+  — -3-^-.&c.^    (meven), 

C08.mx  =  ±   jmy -— — :y  +  &c.  >    {m  odd). 

What  is  in  each  case  the  last  term  and  the  number  of  terms  ? 
Write  down  the  expression  for  coB^hx  in  terms  of  ^  when  m  is 
/ractianoL 

6.  The  equation  ajt*  —  by*  +  ^2cz  ss  0  belongs  to  a  curve  surface. 
What  is  the  nature  of  this  surface  ?  In  what  direction  is  its  con- 
cavity ?    Draw  a  normal  to  a  given  point  of  it. 
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7.  When  three  forces  keep  a  body  at  rest,  what  are  the  conditions 
which  they  fulfil  ? 

Hence  find  the  conditions  for  the  equilibrium  of  the  voussoirs  of  an 
arch.  How  are  these*affected  by  taking  into  account  the  friction  of 
contiguous  voussoirs  ? 

8.  A  bowl  filled  with  quicksilver  is  placed  in  an  inverted  position 
on  a  horizontal  plane :  what  must  be  its  weight  that  the  fluid  may 
not  escape  ? 

If  there  be  a  portion  of  air  above  the  fluid,  how  will  this  affect 
the  answer  ? 

9.  Two  inclined  planes  being  at  right  angles,  a  uniform  straight 
beam  rests  between  them.  Shew  that  its  middle  point  is  highest 
when  it  makes  with  each  plane  an  angle  equal  to  the  inclination  of 
the  other  plane. 

10.  A  candle  is  placed  before  a  convex  lens  at  twice  its  focal 
distance.  At  what  distance  must  a  plane  be  placed  to  receive  the 
image  of  the  candle  ?  And  what  will  be  the  form  of  the  illuminated 
part  at  any  other  distance  ? 

11.  The  equation  of  time  is  nothing  four  times  in  the  year. 

12.  ^  is  a  fixed  point,  P  a  point  in  a  curve,  FT  the  tangent 
meeting  a  fixed  line  SA  in  T:  to  determine  the  curve  from  the 
property  SPzsmX  ST.     What  is  the  curve  when  m  =  1  ? 

IS.     Find  the  path  of  a  body  projected  with  a  given  velocity  and 

acted  on  by  a  force  which  is  as  tt, • 

(dist.)=' 

Why  does  Newton's  method  not  give  all  the  cases  } 

14.  When  P  revolves  about  T,  disturbed  by  S,  the  eccentricity 
of  P's  orbit  increases  from  the  time  of  its  apsides  being  in  quadra- 
tures to  the  time  of  the  apsides  being  in  syzygies. 

What  is  the  name  and  nature  of  the  inequality  of  the  Moon's 
motion  thus  produced  ? 

15.  Four  equal  particles  placed  in  a  straight  line  repel  each  other 
with  forces  varying  inversely  as  any  power  of  their  distance.  The 
two  extreme  ones  being  immoveable,  the  two  intermediate  ones 
perform  small  oscillations  in  the  straight  line.  Define  their 
motion. 
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16.  A  pendulum  which  oscillates  »  times  a  day  at  the  Earth's 
surface,  is  carried  to  a  depth  z  below  the  surface,  aud  there  gains  t 
seconds  a  daj.  The  radius  of  the  earth  being  I,  shew  that  its  mean 
density  is 

S 


('-i) 


17.  Find  the  difference  of  the  asymptote  and  arc  of  an  hyperbola 
when  both  are  infinite. 

18.  If  a,  6  be  the  semi-axes  of  an  ellipse  revolving  in  its  own 

fl2  4-  6« 
plane,  M  its  mass,  and  Mk  its  moment  of  inertia,  k^  =  — - — • 

19.  On  a  spheroid,  if  /  be  the  latitude,  h  the  angle  at  the  centre, 

and  m  =  — ;— ,  we  shall  have 

a^  •\-b'^ 

/  =  X  —  m  sin.2x  +  —  sin.4x  —  —  sin.6A,  &c. 

20.  A\  skill  is  to  £'s  as  2  :  1  (m  :  n).     A  wants  6  (p)  games 
to  win  and  B  wfuits  3  {q) :  what  are  their  chances  respectively  ? 

21.  Find  the  Moon's  variation.     What  is  the  ar^umen/ of  this 
inequality  } 

22.  Explain  and  prove  the  principle  of  least  action* 


TRINITY  COLLEGE,  1830. 

1.  The  price  of  gold  is  £3  lis-  10 J(i  an  ounce,  and  a  cubic 
inch  weighs  10  ounces.  What  would  be  the  cost  of  gilding  the 
surface  of  England  (a  triangle  of  which  the  base  and  the  per- 
pendicular are  each  315  miles)  with  gold  '00019  of  an  inch 
thick. 

2.  A  sets  off*  from  Cambridge  to  London,  and  2\  hours 
afterwards  B  starts  from  London  to  Cambridge:  after  3  hours 
more  they  meet;  and  A  reaches  London  3^  hours  sooner  than 
B  reaches  Cambridge.  In  what  time  docs  each  perform  the 
journey  ? 


Digitized  by  VjOOQ  IC  ' 


264  EXAMINATION  PAPERS  [TrifiHy 

3.  Give  those  geometrical  definitions  which  are  used  in  the  proof 
of  propositions.  What  other  definitions  would  be  requisite  to  super- 
sede the  axioms  entirely  ?  Prove  Euclid,  I.  4< ;  and  explain  why  the 
corresponding  proposition  concerning  spherical  triangles  cannot  be 
proved  in  the  same  manner  ? 

4.  While  sailing  S.W.  I  observe  two  ships  at  anchor^  one  at 
N.N.W.  and  the  other  at  W.N.W.  After  running  5  miles  these 
ships  are  seen  at  N.  by  W.  and  N.W.  respectively.  Required  their 
bearing  and  distance  from  each  other  ? 

5.  A  pyramid  has  for  its  base  an  equilateral  triangle  of  which 
each  side  is  1  foot,  and  its  slant  edge  is  3  feet.  Required  the  angles 
which  its  faces  make  with  each  other. 

6.  A  weight  slides  on  a  string  which  is  without  inertia^  and  has 
its  extremities  fixed:  (1)  find  the  position  of  rest  when  there  is  no 
friction :  (2)  find  the  friction  requisite  to  sustain  the  weight  in  any 
other  position :  (S)  when  the  weight  slides  freely,  find  the  equations 
of  motion. 

7.  Show  that  the  centre  of  pressure  of  a  plane  coincides  with  its 
centre  of  percusrion :  the  axis  of  motion  being  the  intersection  of  the 
plane  with  the  surface  of  the  fluid. 

8.  Find  the  focus  of  a  refracting  sphere,  the  index  of  refraction 
being  1-9.  The  diameter  of  the  sphere  being  ^  of  an  inch, 
what  is  the  breadth  of  lines  which  through  it  appears  like  lines 
of  -3^  of  an  inch. breadth  seen  with  the  naked  eye  at  10 
inches? 

9«  What  is  the  use  of  observations  of  known  stars  made  with  a 
transit  instrument:  and  the  manner  of  making  them?  Prove  the 
following  formula  for  finding  the  deviation  of  a  transit  instrument 
from  tne  meridian  by  means  of  a  high  and  a  low  star : 

,        ,^       C08.J  cos.y 
(t-0; 


COS./  sin.()  —  y) 


In  which  r  is  the  true  difference  of  right  ascension,  and  /  the  ob- 
served difierence ;  $,  ^,  /  the  declinations  and  latitude.  Why  are  a 
high  and  low  star  selected  ^ 
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10.  Proye  the  following  theorem ;  if  jr  =  2  cos.z, 

according  as  m  is  even  or  odd. 

Also  give  and  prove  the  formula  when  m  is  fractional. 

1 1.  Find  the  evolute  of  the  common  parabola^  and  show  where 
it  cuts  the  original  curve. 

12.  In  the  equation 

when  e  is  less  than  1^  trace  the  curve^  and  find  its  area  from 
X  =  0  to  7  =  1 . 

13.  Let  ABC  be  a  spherical  triangle^  in  which  Cand  c  are  con- 
stant: and  let  e  =  -r-^-     Then  prove 

sin.c 

da  db 


iv/ ( I  -  €«  sin.«a)       <•(!  -  e«  sin.sft) ' 

and  show  that  the  integral  of  this  equation  is 

cos.fl  C0S.6  +  V(l  —  ^  sin.«c)  sin.a  sin.^  =  C08.c. 

H.  "  All  the  particles  of  matter  gravitate  to  each  other  with 
forces  which  are  inversely  as  the  square  of  the  distance."  State  the 
steps  by  which  Newton  establishes  this  proposition^  and  their 
connection. 

15*  When  a  small  pencil  of  rays  is  refracted  obliquely  at  a 
spherical  surface,  find  the  primary  and  secondary  focal  lines ;  and 
explain  why  they  do  not  coincide. 

16.  Having  given  the  weight  and  velocity  of  a  hammer  with 
which  a  nail  is  driven  into  a  piece  of  wood  by  one  blow,  find  the 
force  requisite  to  draw  it  out :  the  resistance  being  supposed  equal 
both  ways. 

17.  If  a  fluid  move  steadily  (i.  e.  so  that  the  motion  in  the  same 
parts  of  space  is  always  the  same)  prove  that 
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p  being  the  pressure  at  any  point  where  the  velocity  is  v ;  p^  the 
pressure  at  a  point  of  the  surface,  and  ij,  the  velocity  of  a  particle 
there ;  and  P  being  the  pressure  produced  by  the  same  forces  in  a 
fluid  at  rest :  the  density  being  1. 

18.  What  is  meant  by  a  developable  surface?  Investigate  its 
analytical  property. 

19.  State  the  optical  theories  of  emanation  and  of  undulation. 
What  facts  wUl  both  explain,  and  what  one  only  ?  What  is  the 
principle  of  interferences,  and  how  does  it  account  for  the  fringes 
which  accompany  the  shadows  of  minute  bodies  ? 

20.  Prove  the  equation  of  the  Moon's  motion, 

P_T  du 

dhi  »««       tt*  dB       ^ 

^^  A^  +  2 


^J.^ 


What  is  the  next  step  in  the  investigation  ? 

21.  In  planets  which  are  oblate  by  their  revolution,  the  ellip- 
ticity  varies  inversely  as  the  density  X  the  square  of  the  time  of 
revolution. 

22.  A&  skill  Ls  to  ^s  as  3  :  2 ;  A  wants  3  games,  B  wants  2 ; 
what  are  their  respective  chances  of  winning  ? 

23.  The  places  of  the  stars  are  to  be  represented  by  projecting 
them  as  they  appear  to  an  eye  at  the  centre,  on  a  cube  circumscribing 
the  sphere.     Give  the  formula  for  the  place  of  any  star. 


THE    END. 


r.  C.  HwiwiKl,  i'rintfr.  S2.  »*menii>Mer  K»»w,  London. 


Digitized  by  VjOOQIC 


SUPPLEMENT 


TO 


A     COLLECTION 


OF 


CAMBRIDGE    MATHEMATICAL 
EXAMINATION    PAPERS; 

AB  OIVSN  AT 

THE    SEVERAL    COLLEGES. 
Part  II. — comtainino 

PAPERS  /iV  MIXED  MATHEMATICS. 


CAMBRIDGE, 

PUBLISHED   BY  W.  P.   GRANT: 

SOLD  BY  SIMPKIN  &  CO.)  R.  PRIESTLEY;  &  H.  WASIIBOURNfi; 
LONDON:  AND  REID  &  CO.  GLASGOW. 

1838 


Digitized  by  VjOOQIC 


Hansard,  Primer, 

Patcroofltcr  Row, 

Londoo* 


Digitized  by  VjOOQIC 


1 N  presenting  to  the  Public  the  completion  of  the 
College  Mathematical  Examination  Papers  up 
to  the  present  time,  the  Publisher  desires  respectfully 
to  return  his  sincere  thanks  to  those  Gentlemen  who 
so  kindly  allowed  him  the  use  of  their  Papers. 

Some  Papers  of  a  date  previous  to  the  year  1820 
have  been  inserted,  contrary  to  the  original  design,  on 
account  of  their  value  and  scarcity,  several  of  them 
having  been  set  by  Sih  J.  W.  F.  Herschell. 

Cambridge,  April  1833. 


A  2 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


CONTENTS. 


Mechanics. 

Trinity  College 

...    p.    1—27 

St.  John^s  College 

27—42 

Caius  College 

42—44 

Queen's  College 

44—48 

Jesus  College 

48    52 

Sidney  Sussex  College 

52—54 

Hydrostatics. 

Drinity  College 

...  p.  56 — 63 

St.  John's  College      ,       ... 

63—83 

Caius  College 

83—87 

Queen's  College        

87—89 

Corpus  Ckrisii  College 

90—01 

St.  Peter's  College 

91—93 

Jesus  College 

93^94 

Sidney  Sussex  College 

94—96 

Optics. 

Trinity  College 

...    ;).97— 105 

St.  John's  College 

...       105—115 

Caius  College 

...       115—116 

Queen's  College 

..       116—119 

Sidney  Sussex  College 

...       119—121 

St.  Peter's  College 

..       121—123 

Digitized  by  VjOOQIC 


IV 


CONTENTS. 


Astronomy. 

Trinity  College 
St.  John*s  College 
Cuius  College 
Pembroke  College 
Sidney  Sussex  College 

Newton. 

Trinity  College 
St.  John's  College 
Caius  College 
Jesus  College 
Sidney  Sussex  College 
St.  Peter's  College 
St.  John's  College 


p.  124—141 
142—152 
153—154 
164—156 
166—161 


162—188 
188—218 
218—221 
221—222 
222—225 
225—227 
227—228 


Problems  and  Miscellaneous  Questions. 


Trinity  College 
St.  John's  College 
Caius  College 
Queen's  College 
Sidney  Sussex  College 
Jesus  College 


229—248 
248—265 
265—280 
281—289 
289—293 
293—297 


Digitized  by  VjOOQIC 


MECHANICS. 


TRINirY  COLLEGE,  1818. 

1.  JJiSTINGUISH  between  the  real  and  apparent  motions,  of 
a  person  walking  across  the  deck  of  a  ship  under  sail ;  and  also  of  a 
heavy  body  let  fall  from  the  mast-head : — and,  for  each  case,  prove 
their  agreement  geometrically. 

2.  If  the  angle,  at  which  two  given  forces  act,  be  diminished, 
the  compound  fprce  is  increased. 

3.  If  a  body  be  kept  at  rest  by  three  forces,  and  lines  be  drawn, 
making  «ach  the  same  angle  with  the  directions  in  which  they  act> 
and  towards  the  same  parts, — the  sides  of  a  triangle  formed  by  these 
lines  will  represent  the  quantities  of  the  respective  forces. 

4.  Enumerate  the  simple  mechanical  powers ;  and  give  familiar 
instances  of  the  lever  (of  both  kinds),  the  wheel  and  axle,  and  the 
wedge. 

5.  Prove  the  general  proposition  of  the  screw :  and  find  nume- 
rically the  weight  that  could  be  sustained  by  a  power  of  1  lb.  at  the 
distance  of  three  yards  from  the  axis  of  the  screw, — the  distance  of 
two  contiguous  threads  being  one  inch. 

6.  If  a  lever  be  put  in  motion,  the  velocity  of  power  ;  velocity 
of  weight  : :  weight  :  power. 

7-  A  spherical  body  rests  upon  two  planes,  inclined  to  the  horizon 
at  the  angles  of  45®  and  60^  respectively.     Compare  the  pressures. 

8.  Investigate  the  rule  for  finding  the  centre  of  gravity  of  any 
number  of  particles  of  matter  A,  B,  C,  D,  &c. ;  and  demonstrate 
geometrically,  that  the  same  point  will  be  discovered,  in  whatever 
order  the  particles  are  taken,  (e.  g.  whether  we  find  E  the  centre 
of  A  and  J?,  then  the  centre  of  C  and  A-\-B  placed  at  £,  and  so 
on>— or  whether  we  begin  with  finding  the  centre  of  A,  C,  &c.  &c.) 

[Supp.  P*  IL]  ft 
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9«  If  a  triangle^  whose  ades  are  in  the  ratio  of  3,  4,  5,  be  sus- 
pended by  the  centre  of  the  inscribed  circle, — ^shew  that  it  cannot 
remain  at  rest,  unless  the  shorter  side  be  in  an  horizontal  position. 

10.  Find  the  centre  of  gravity  of  a  quadrilateral  pyramid. 

11.  Prove  that  the  relative  velocity  before  impact  :  relative 
velocity  after  ; :  force  of  compression  ;  force  of  elasticity : — and  that 
in  all  cases  of  imperfect  elasticity,  this  ratio  is  greater  than  that  of 
Aa^  +  BIT-  to  ^p«  -f  Bq^,  (where  a  and  6  are  the  velocities  of  A^  B 
before  impact,  p  and  g  their  velocities  after.) 

12.  Shew  that  the  velocity  communicated  by  il  to  C  through  B, 
where  fi  is  of  an  intermediate  magnitude,  is  greater  than  what  would 
be  immediately  communicated  from  il  to  C  in  the  case  of  perfect 
elasticity ;— also  that  this  velocity  Ls  the  greatest,  when  J5  is  a  mean 
proportional  between  A  and  JB. 

13.  If  a  body  strike  upon  a  plane  at  an  angle  of  incidence  0,  and 
with  velocity  %> — ^prove  that  the  direction  and  velocity,  after  reflection^ 
arc  found  by  the  proportions  tan.O'  :  tan.6  : :  force  of  compression 
;  force  of  elasticity,  and  v'  \  v  \\  sin.O  :  8in.0'»  What  must  be  the 
angles  of  incidence  and  reflection-— where  the  velocity  before  impact 
:  velocity  after  ::  *J9.  \  1,  and  force  of  compression  :  force  of 
elasticity  ; ;  \/3  ;  1  ?  And  how  do  the  general  propositions  apply 
to  the  case  of  perfectly  hard  bodies  ? 

14.  If  V,  v'  be  any  two  velocities  of  a  body  either  falling  or 
rolling  down  an  inclined  plano*~what  will  be  its  velocity  at  the 
middle  point  of  space  between  them  ? 

15.  A  body  (P)  weighing  1  lb.  ii  thrown  downwards  from  the 
top  of  a  tower  270  feet  high,  with  a  velocity  of  40  feet  in  a  second ; 
and  at  the  same  instant  a  body  ( Q)  weighing  9  lbs.  is  thrown  up- 
wards in  the  same  line  from  the  foot  of  the  tower  with  a  velocity  of 
50  feet  in  a  second.  In  what  time  and  at  what  height  will  they 
meet  ?  and  after  the  impact  (supposing  them  perfectly  clastic)  what 
will  be  their  velocities  and  directions ;  and  how  long  will  it  be  before 
each  of  them  reaches  the  ground  ? 

16.  Given  a  point  without  a  circle ;  it  is  required  to  fmd  the  line 
of  quickest  descent  to  the  circumference. 
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17*  If  on  an  inclined  plane^  of  wbioh  the  length  «■  a»  and  height 
■K  6^  a  part  be  taken  equal  to  h,  and  deBcribed  in  an  equal  time  by  a 
body  whose  descent  began  from  the  top ;  what  ia  the  distance  of 
either  extremity  of  this  part  from  the  Tertex  ? 

18.  If  a  body  begin  to  oscillate  from  the  highest  point  of  an 
inverted  cycloid, — shew  that  the  time  of  describing  any  given  arc  of 
the  cycloid.  Is  measured  by  the  arc  of  the  generating  circle  inter- 
cepted between  the  ordinates  to  the  axis,  drawn  from  the  extremities 
of  the  arc  Compare  also  the  time  of  its  describing  any  arc  of  the 
cycbid  measured  from  the  sumraiti  with  the  time  of  descent  down 
the  chord. 

19*  If  a  dock  gain  or  lose  /  seconds  in  a  given  time  (  s=  T'% 
then  if  the  error  be  small,  prove  that  the  quantity  by  which  the 

length  (/)  of  the  pendulum  is  to  be  corrected,  will  be  -=7- 

20.  How  far  below  the  earth's  sutface,  or  how  far  above  it,  must 
a  pendulum,  shorter  than  39*2  inches  by  a  very  small  fraction  (x), 
be  taken  to  vibrate  seconds  ?    Earth's  radius  s=  n 

21.  If  a  body  P  be  connected  by  a  pulley  with  a  weight  W  on 
a  plane  inclined  to  the  horizon  at  a  given  angle  /; — required  the 
space  described  by  the  force  of  gravity  in  i'',  and  also  the  velocity  it 
wiU  acquire. 

22.  Prove  that  the  elevation  at  which  a  projectile  must  be  thrown 
from  a  plane  of  given  inclination  (/),  in  order  that  the  range  may 
be  n  times  the  space  due  to  the  velocity  of  projection, — ^ia  determined 
by  the  two  values  of  £  in  the  expresmon 

sin.(/  +  2£)  =  sin./  +  ^ .  cos.s/. 

Compare  the  terms  of  flight,  and  the  greatest  heighu,  for  the  two 

values  of  E  thus  found,  where  the  plane  is  horisontal,  and  n  =:  1 ; 

4 
and  also  where  I  =  30",  and  «  =  - .  (>/3— 1). 

«S.  A  body  is  projected  from  a  given  height  with  a  given  velocity. 
Required  the  locus  of  all  the  greatest  heights,  for  every  direction  in 
which  it  may  be  thrown. 

B  2 

Digitized  by  VjOOQIC 


4  KXAMINATfON   PAPBR8  £7Vtfl. 

24.  A  hollow  paraboloid  being  placed  with  its  vertex  downwards, 
and  terminated  above  by  an  horizontal  circular  plane  perpendicular  to 
the  axiK^ — ^it  is  required  to  find  by  construction  a  point  in  any  given 
diameter  of  the  circle,  such  that  a  body  let  fall  from  it  on  the  surface 
of  the  paraboloid,  will,  after  one  rebound,  hit  the  vertex. 


TRINITY  COLLEGE,  I8I9. 

1.  Dbtehminb  the  quantity  and  direction  of  the  compound  force 
resulting  from  any  number  of  given  forces  acting  on  a  point. 

1st,    When  the  forces  are  in  the  same  plane. 
2nd,  When  they  are  in  different  planes. 

2.  AB  is  an  uniform  lever,  of  given  length  and  weight,  moving 
freely  about  A.  A  string  is  fixed  at  B  distended  by  a  weight  passing 
over  a  fixed  pulley  E,  placed  at  the  horizontal  distance  AE  =  AB, 
Determine  the  position  in  which  the  lever  will  rest 

3.  In  a  system  of  pullies,  where  each  hangs  by  a  separate  string, 
and  each  string  is  fixed  to  the  weight ;  supposing  the  power  and 
weight  in  motion, 

1st,    Prove  that  velocity  of  P  :  velocity  ofWi:  W  :  P. 
2nd,  Compare  the  velocities  with  which  the  different  pullies 
revolve  round  their  axes. 

4.  If  a  plane  pass  through  the  centre  of  gravity  of  a  system  of 
bodies,  prove  that  the  sum  of  all  the  products  formed  by  multiplying 
each  of  the  bodies  into  its  perpendicular  distance  from  the  plane  on 
one  side,  is  equal  to  the  sum  similarly  taken  on  the  other  side  of  the 
plane. 

5.  Determine  the  proportion  of  the  sides  of  a  right-angled  triangle, 
so  that  the  time  down  the  length  may  equal  the  time  down  the 
height  +  time  of  describing  the  base  with  the  last  acquired  velocity 
continued  uniform. 

6.  Prove  that  if  the  same  triangle  be  suspended  by  the  centre 
of  the  inscribed  circle,  it  will  only  rest  when  the  shortest  side  is 
parallel  to  the  horizon. 
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7-  If  two  bodies  balance  each  other  on  two  inclined  planes  by 
means  of  a  string  passing  over  their  intersection,  prove  that  when  the 
bodies  are  put  in  motion  their  centre  of  gravity  will  neither  ascend 
nor  descend. 

8.  Determine  the  sides  of  the  strongest  rectangular  beam  which 
can  be  cut  out  of  a  given  cylindrical  piece  of  wood. 

•  9-     If  a  body  be  moved  from  rest  tlurough  the  space  S,  by  the 

action  of  an  uniform  force  during  t^'y  and  acquire  the  velocity  Vi 

T  y.  V 
prove  that  S  =  — S""^* 

10.  Having  established  the  preceding  equation,  deduce  the  two 
following : 

Where  M  is  the  moving  force,  and  Q  the  quantity  of  matter. 

11.  A  body  projected   up  an  inclined  plane   where    /f  = -— 

8 

describes  32  feet  in  9^,    How  far  will  it  ascend  before  all  its  velocity 
is  lost  ?    . 

12.  A  body,  whose  elasticity  =  },  descends  from  the  height  of 
10  feet,  and  rebounds  till  all  its  velocity  is  loit ;  required  the  whole 
time  of  its  motion,  and  the  whole  space  passed  over. 

13.  If  in  a  common  cycloid  an  ordinate  be  drawn  from  the  point 
which  bisects  the  axis,  and  from  the  extremity  of  that  ordinate 
another  line  be  drawn  to  the  vertex ;  prove  that  the  cycloidal  segment 
thus  cut  off  =s  I  of  the  square  upon  the  axis. 

14.  Given  the  force  of  gravity  ;  determine  tl\e  time  in  which  a 
body  will  vibrate  in  a  cycloid  whose  axis  s  A, 

15.  A  pendulum  of  unknown  length  is  observed  to  vibrate  5Q 
times  in  a  minute ;  it  is  then  shortened  three  inches,  and  is  observed 
to  Vibrate  6l  times  in  a  minute.  What  is  the  length  of  a  pendulum 
vibrating  seomids  in  the  same  latitude  ? 
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16.  When  a  body  vibrates  in  the  complete  arc  of  a  cycloid : 

(1).  Compare  the  tension  of  the  string  in  every  point  of  the 
curve  arising  from  gravity^  with  the  tension  arising  from  oentii- 
fugal  force. 

(3).  Determine  the  point  where  the  accelerating  force  down 
the  curve  =s  the  tension  of  the  string. 

17.  If  a  body  oscillate  in  the  complete  arc  of  a  cycloid ;  prove 
that  the  time  of  its  descent  to  any  ix>int^  is  measured  by  the  arc  of 
the  circle  upon  the  axis  cut  off  by  the  ordinate  to  that  point. 

16.     Given  the  point  of  projection  and  the  velocity, 

(1).  Determine  the  direction^  so  that  the  baU  may  strike  a 
given  point  in  the  under  surface  of  a  given  horizontal  plane 
above  the  point  of  projection. 

(2).  Under  the  same  curcumstanoes,  determine  the  direction 
so  that  the  range  may  be  a  maximum. 

19*  If  grape  shot  be  discharged  from  a  cannon ;  prove  that  at  the 
end  of  any  given  time  they  will  be  found  in  the  surface  of  a  given 
sphere. 

20.  A  heavy  beam  AB  has  one  end  {A)  fixed  in  the  ground, 
and  is  supported  by  a  prop  CD  of  given  length.  If  the  angle  A  be 
given,  determine  the  position  of  CD  so  that  it  may  sustain  the  least 
possible  pressure. 

TRINITY  COLLEGE,  1820. 

1.  What  is  the  proportion  between  the  power  and  the  weighty 
in  the  system  of  puUies  where  eadi  puUcy  hangs  by  a  separate  string  ? 

2.  A  weight  P  upon  an  inclined  plane  is  supported  by  a  weight 
Q  hanging  freely,  the  string  being  parallel  to  the  plane.  Shew  that 
if  they  be  moved  into  any  other  position,  the  centre  of  gravity  moves 
in  an  horizontal  line. 

3.  If  P  and  Q,  in  the  last  question,  be  not  in  equiltbriumj  what 
will  be  the  path  of  the  centre  of  giavity  ? 

4.  Explain  and  prove  the  seoond  law  of  motioa. 

5.  In  the  ooUiiimi  of  dastic  bodies,  the  relative  veiictty  after 
impact,  is  to  that  before,  as  the  iaiperfcct  to  poftet  eiartieity; 
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6.  A  given  weight  P,  by  means  of  a  string  jMUssing  over  a  fixed 
pulley,  draws  up  a  chaiu,  which  was  previously  coiled  upon  an 
horizontal  plane  directly  below  the  pulley  ;  find  the  velocity  acquired 
by  P  in  deaoending  through  a  given  space. 

TRINITY  COLLEGE,  1820. 

Statics, 

L  WuBN  fwoes  keep  each  other  in  equilibrium  round  a  fixed 
point,  the  sum  of  all  their  moments  is  s=  0  ;  those  being  reckoned 
negative  which  tend  to  turn  the  system  in  the  opposite  direction. 

2.  Find  the  resultant  of  any  number  of  forces  in  the  same  plane 
acting  on  a  point.    Ajiply  the  formuhe  to  the  following  example : 

AB,  AC,  AD  are  three  lines  making  angles  of  120°  with 
each  other;  the  point  A  is  acted  on  by  pulling  forces  in  AB 
and  AC  which  are  as  3  and  4,  and  by  a  pushing  force  in  DA 
which  is  as  5.     Find  the  force  which  will  keep  it  at  rest. 

3.  A  string  fastened  at  A  and  passing  over  a  fixed  pulley  B,  lias 
a  known  weight  W  hung  by  a  knot  at  C ;  find  what  weight  must 
be  appended  at  B,  that  CB  may  be  hori«ontaL 

4.  A  weight  Q  hanging  freely,  supports  an  equal  weight  P  upon 
an  inclined  plane,  by  means  of  a  string  passing  over  a  pulley  below 
the  plane :  find  the  position  of  equilibrium. 

5.  When  a  body  is  sustained  upon  a  curve  whose  co-ordinates 
are  x  and  y,  by  any  forces  whose  components  in  those  directions  are 
X  and  F,  shew  that  Xdx  +  Ydtf  k  0.  Apply  tho  formula  to  find 
the  position  of  equilibrium  when  a  weight  Q  hanging  freely,  supports 
a  weight  P  upon  a  parabola  whose  axis  is  horizontal,  by  means  of  a 
string  passing  over  the  focus. 

6.  Find  the  centre  of  gravity  of  any  number  of  points  in  the 
same  plane. 

7.  The  sum  of  the  squares  of  the  distances  of  three  equal  bodies 
from  eadi  other,  is  three  times  the  sum  of  the  squares  of  their  dis- 
tances from  their  common  centre  of  gravity. 

8.  Prove  the  diiieiential  expression  for  the  centre  of  gravity  of 
any  solid  of  involution ;  and  find  the  c«alre  of  gravity  of  «  hxsssas^t^* 
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9.  ABCD  is  a  quadrilateral  figure  of  which  the  two  shorter  sides 
AB,  BC  are  equal,  as  also  the  two  longer  AD,  DC ;  and  the  angle 
ABC  is  a  right  angle :  what  is  the  greatest  length  of  the  side  AD 
that  the  figure  may  stand  on  the  hase  ^JB  on  an  horizontal  plane 
without  oversetting  ? 

10.  Given  a  bent  lever  with  arms  of  uniform  thickness,  moveable 
in  a  vertical  plane  about  the  angular  point :  find  the  position  in  which 
it  will  rest. 

11.  A  given  beam  considered  as  a  line  is  supported  on  two  given 
inclined  planes :  find  the  position  of  equilibrium. 

12.  Given  the  pressure  upon  one  of  the  four  legs  of  a  rectangular 
table  of  known  weight ;  find  the  pressures  of  the  other  three.  Shew 
that  without  this  datum  the  problem  is  indeterminate. 

13.  ABC  is  a  right-angled  isosceles  triangle,  and  three  equal 
forces  act  in  the  lines  AB,  BC,  CA.  At  what  point  of  the  plane 
ABC,  produced  if  necessary,  must  a  force  be  applied  to  keep  it  at 
rest,  and  what  must  be  its  magnitude  and  direction  ? 

14.  A  beam  BC  hangs  by  a  string  AB  from  a  fixed  point  A, 
with  its  lower  extremity  C  upon  an  horizontal  plane :  find  the  position 
in  which  it  will  rest.  Also  find  the  horizontal  force  which  must  be 
applied  at  C  to  retain  it  in  a  given  position. 

15.  A  false  balance  has  one  of  its  arms  exceeding  the  other  by 
—  of  the  shorter.  It  is  used,  the  weight  being  put  as  often  in  one 
scale  as  the  other.    What  is  the  shopkeeper  s  gain  or  loss  per  cetU.  ? 

16.  In  an  arch  which  is  in  equilibrium,  the  weights  of  the 
voussoirs  are  as  the  differences  of  the  tangents  of  the  angles  which 
their  joints  make  with  the  vertical. 

Di^tiamics. 

1.  A  BOW  is  drawn  by  a  force  of  50  lbs. ;  the  weight  of  the  arrow 
being  ^  lb.,  compare  the  force  of  gravity  with  the  initial  accclcratbg 
force  which  the  string  exerts  upon  the  arrow^  when  it  is  let  go ; 
neglecting  the  inertia  of  the  bow. 
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5.  If  a,  b,  be  the  velocities  of  two  bodies  A,  B  before  their  direct 
impact;  u,  v  the  velocities  after,  a  and  0  the  velocities  gained  and 
lost  respectively,  and  e  the  fraction  which  measures  the  elasticity ; 

3.  i4  and  B  are  two  given  points  in  the  diameter  of  a  circle :  find 
in  what  direction  a  perfectly  elastic  body  must  be  projected  from  A, 
so  that  after  reflection  at  the  circle  it  may  strike  B. 

4.  Prove  that  if  a  body  be  accelerated  by  a  constant  force 

v^ft  and  *  =  i//«. 

5..  Find  the  velocity  and  direction  with  which  a  body  must  be 
projected  from  a  given  point  that  it  inay  hit  two  other  given  points 
in  the  same  vertical  plane. 

6.  ABia  the  vertical  diameter  of  a  circle :  a  perfectly  elastic  body 
descends  down  the  chord  AC ;  and  being  reflected  by  the  plane  BC, 
describes  its  path  as  a  projectile.  Shew  that  this  path  strikes  the 
circle  at  the  opposite  extremity  of  the  diameter  CD. 

7*  Find  the  equation  to  the  cyckid;  and  shew  that  in  the  same 
cydoid  the  oscillations  are  isochronous. 


TRINITY  COLLEGE,  1821. 

1.  If  forces  proportional  to  the  sides  of  a  quadrilateral  figure,  be 
applied  perpendicularly  at  their  middle  points,  they  will  keep  one 
another  in  equilibrium. 

2.  The  moment  of  the  resultant  of  any  forces  is  the  sum  of  tiie 
moments  of  the  components. 

3.  At  what  point  of  a  vertical  pillar  must  a  rope  of  given  length 
be  fixed,  so  that  a  man  pulling  at  the  other  end  may  exert  the 
greatest  force  in  upsetting  it  ? 

4.  If  APy  BQ  represent  two  forces  Acting  on  the  equal  arms 
AC,  CB  of  a  lever  whose  fulcrum  is  Cy  also  i£  AP,  BQ  make  given 
angles  with  the  horizon,  and  Pp,  Qq  be  'per})endicular  to  ACB, 
shew  that  there  will  be  an  equilibrium  when*  Ap  +  Bq  is  a 
maximum. 
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5.  A  given  weight  W  is  supported  by  n  strings  passing  over 
pullies,  placed  at  the  angles  of  a  regular  polygon^  whose  plane  is 
horixontal,  each  string  being  fastened  to  an  equal  weight  P:  find  the 
poffltion  in  which  W  will  rest 

6.  One  sphere  is  supported  by  three  others  which  touch,  find  the 
pressures  on  each ;  also  the  horizontal  pressures  necessary  to  prevent 
them  from  sliding. 

7.  A  given  weighty  suspended  by  a  string  of  given  length,  is 
drawn  horizontally  by  a  given  force,  find  the  position  into  which  it 
will  be  drawn. 

8.  Investigate  the  expression  for  the  centre  of  gravity  of  an  area, 
and  apply  it  to  the  quadrant  of  an  ellipse. 

y.  The  sum  of  the  squares  of  the  distances  of  the  centre  of  gravity 
of  any  number  of  equal  bodies  from  the  centre  of  gravity  of  each, 
is  equal  to  the  sum  of  the  squares  of  the  distances  of  the  centres  of 
gravity  of  these  bodies,  taken  two  and  two,  divided  by  the  number 
of  bodies. 

10.  If  any  system  of  bodies,  acted  on  by  gravity  alone,  be  in 
equilibrium,  its  centre  of  giHvity  is  either  the  highest  or  lowest 
possible. 

11.  AC  and  BD  are  two  uniform  beams,  moveable  in  a  vertical 
plane  about  the  fixed  points  A  and  B,  also  AC  i&  equal  to  ^B ;  re- 
quired the  position  in  which  the  beams  will  support  each  other. 

13.  Find  the  equation  between  P  and  W,  when  the  weights  of 
the  pulleys  are  equal,  and  each  hangs  by  a  separate  string. 

]  3.  If  two  hemispheres  rest,  with  the  convex  surface  of  one  placed 
on  that  of  the  other,  shew  that  the  equilibrium  will  be  stable,  or 
unstable,  according  as  the  radius  of  the  upper  one  is  less,  or  greater 
than  three^fifths  of  the  radius  of  the  under. 

14.  A  and  B  are  two  equal  balls  at  rest ;  required  their  podtioni 
so  that  if  a  perfectly  elastic  ball  C,  impinge  upon  them  in  a  direetioo 
perpendicular  to,  and  bisecting  the  line  joining  their  centres,  the  rela- 
tive velocities  of  A  and  B  after  impact  may  be  the  greatest  possible. 

15.  Draw  geometrically  the  line  of  quickest  deaeent  from  the 
focus  of  a  parabola  to  the  curve,  the  axis  being  vertical,  and  the 
vertex  uppermost. 
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16.  The  space  in  any  time  is  equal  to  the  space  described  with 
the  velocity  of  projection,  plus,  or  minus  the  space  described  from 
rest  by  the  action  of  the  force,  according  as  the  body  is  projected  in 
the  direction  of  the  force,  or  contrary  to  it. 

17*  Two  balls  A  and  B,  of  which  B  is  perfectly  elastic,  are  let 
fidl  at  the  same  instant  from  two  given  points  in  the  same  vertical 
line :  find  the  point  where  B,  after  rebounding  from  the  horizontal 
plane,  will  meet  A* 

18.  A  chain  of  given  length  has  part  on  a  table,  and  part  hanging 

over  it ;  find  the  time  in  which  it  will  fall  off  the  table. 

J 

19.  If  a  sjttral  tube  wind  round  the  surface  of  a  paraboloid, 
standing  00  an  horizontal  plane,  and  make  a  given  angle  with  the 
genemting  parabola,  find  the  acoelerating  force  on  a  body  descending 
in  the  tube ;  and  prove  tliat  if  it  descends  from  a  point  very  near  the 
vertex^  it  will  make  its  successive  revolutions  in  equal  times. 

SO.  Find  the  equation  to  the  curve  described  by  the  centre  of 
gravity  of  two  bodies,  projected  with  given  velocities,  and  in  given 
directions  in  the  same  vertical  plane. 

21.  If  r  be  the  range,  and  t  the  time  of  flight  of  an  inelastic  ball 
on  an  horizontal  plane,  then  if  the  same  ball  had  an  elasticity  e, 

-— —  would  be  the  whole  space  described  by  it,  and  : its  whole 

1  — c  '^  •'1  — e 

time  of  motion. 

22.  A  pendulum  which  vibrates  seconds  at  Greenwich,  taken  to 
another  place  on  the  earth's  surface,  loses  n  seconds  a  day  ;  compare 
the  force  of  gravity  at  the  two  places. 

'   33.    The  time  of  descent  down  any  arc  of  a  cycloid,  from  the 
highest  point,  is  less  than  the  time  down  the  chord. 

24.    If  il  be  the  lowest  point  of  a  circular  arc  ABy  and  if  AI 

AB 

be  taken  equal  to  -— ,  and  the  chord  AO  be  taken  to  the  chord 

A  J  : ;  */2  :  l,  prove  tliat  the  time  down  BO  is  equal  to  the  time 
down  the  remidning  arc  0A» 
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TRINITY  COLLEGE,  1822. 

1.  If  any  two  forces,  acting  at  a  point,  be  reptesented  in  magni- 
tude and  direction  by  tbe  sides  of  a  parallelogram,  tbe  resultant  is 
represented  in  magnitude  and  direction  by  its  diagonal, 

2.  Prove,  that,  if  several  forces  keep  each  other  in  equilibrium 
round  a  point,  each  is  equal  and  opposite  to  the  resultant  of  all  the 
othenu 

3.  If  a,  0,  y  and  a,  ff,  y'  be  the  inclinations  of  two  lines  to 
three  rectangular  axes  drawn  through  their  point  of  intersection ;  and 
a  force  F  act  along  one  of  the  lines  :  prove  that  its  value  estimated 
along  the  other  is  F.  (co8-« .  cos.*'  +  *co8.i3 .  cos./3'  +  cos-y .  cos-yl. 

4.  The  resultant  of  two  parallel  forces  is  parallel  to  them,  equal 
to  their  sum,  and  its  direction  divides  the  line  which  joins  their 
points  of  application  in  the  inverse  ratio  of  the  forces.  Gmstruct 
for  the  resultant  when  th^  forces  do  not  act  towards  the  same 
parts. 

5.  Two  weights  are  suspended  from  knots  in  a  string  the  ends 
of  which  are  fastened  to  two  fixed  points :  given  one  of  the  weights, 
and  the  lengths  of  the  suspending  strings  between  the  knots  and  the 
points  where  the  other  string  produced  would  meet  them.— Find  die 
other  weight. 

6.  Determine  the  distances  of  the  centres  of  gravity  of  a  right 
cone,  and  of  a  spherical  surface  from  the  vertex  of  each ;  and  hence 
deduce  the  distance  of  the  centre  of  gravity  of  a  spherical  sector  from 
th^  centre  of  the  sphere. 

7.  A  given  heavy  spherical  bowl  is  loaded  at  a  certain  point  of  its 
edge  with  a  given  weight :  .find  the  position  in  which  it  will  rest  on 
an  horizontal  plane. 

8.  A  right  cone  of  given  dimensions  and  weight  stands  on  its 
vertex  with  its  axis  at  a  given  inclination  to  the  horizon :  find  the 
magnitude  and  direction  of  the  least  force,  acting  at  the  centre  of  its 
base^  which  will  keep  it  in  that  position. 
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9.  Find  the  ratio  of  the  power  to  the  resistaBce  in  the  wheel  and 
axle,  without  suppoaing  them  to  act  in  the  same  plane. 

10.  Find,  generally,  the  ratio  of  the  power  to  the  resbtance  in  the 
toothed  wheel ;  and  also,  when  the  teeth  are  small :  and  prove  the 
principle  of  virtual  velocities  on  the  latter  supposition  in  this  mecha- 
nical power. 

11.  In  an  arch  which  is  in  equilibrium,  the  weights  of  the 
voussoirs  are  as  the  differences  of  the  tangents  of  the  angles  which 
their  joints  make  with  the  vertical. 

12.  A  hall  of  given  elasticity  falls  from  a  given  height  upon 
a  hard  plane :  determine  the  whole  time  before  the  cessation  of  the 
motion. 

15.  The  straight  line  of  quickest  descent  from  a  point  within  a 
circle  to  its  circumference  passes  through  its  highest  point,  and  that 
from  a  point  without  the  circle  to  its  circumf^ence  passes  through  its 
lowest  point. 

14.  A  ball  ha\dng  descended  to  the  lowest  point  of  a  circle  through 
an  arc  whose  chord  is  C  drives  an  equal  ball  up  an  arc  whose  chord  is 
c :  shew  that  the  common  elasticity  (e)  of  the  two  balls  may  be  found 
from  this  proportion  1  :  c  : :  C  :  2c  —  C. 

15«  A  body  is  projected  in  a  given  direction,  and  with  a  given 
velocity,  and  is  acted  on  by  the  constant  force  of  gravity  in  parallel 
lines  :  find  the  equatioii  to  its  path  ;  shew  that  it  is  a  parabola,  and 
construct  it. 

16.  Assuming  that  the  brachystochronic  curve  between  two  points 
is  an  arc  of  an  inverted  semicycloid,  with  its  base  horizontal  and  the 
extremity  of  its  base  at  the  higher  point :  shew  how  this 'cycloid  may 
be  constructed.  / 

17.  Find  at  what  pomt  in  the  direction  of  its  axis  a  straight  rod 
of  small  thickness  must  be  suspended  that  its  oscillation  may  occupy  a 
given  time,  and  find  the  lowest  limit  of  that  time. 

18.  If  the  force  to  a  centre  is  -r  where  D  is  the  distance,  A  is  a 

A 

given  line,  and  the  force  of  gravity  is  the  unit  of  force :  prove  thai 
a  cydoidal  pendulum,  whose  length  is.  A,  will  oscillate  in  any  time^ 
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through  the  mme  spdce  as  ft  body  drawn  by  that  fofoe  ftom  the  dis- 
tancc  D  would  move  over  in  that  time* 

19.  A  heavy  ring  R  hanging  on  a  thread  fastened  at  A  and  B, 
osdlUites  through  a  very  small  arc  in  the  vertical  plane  of  A  and  B : 
find  the  time  of  an  oscillation^  neglecting  the  magnitude  of  the  ringi 
and  the  inertia  of  the  string. 

20.  The  uniform  triangular  plate  ABC  whose  weight  is  known^ 
is  supported  by  three  known  weights  a,  b,  c,  connected  with  the 
angular  points,  A,  B,  C,  by  strings  passing  through  a  fixed  ring  at  D'» 
find  the  lengths  AD,  BD,  CD;  and  the  angles  which  they  make 
with  the  vertical. 

21.  If  a  tennis  ball  in  rapid  motion  strikes  a  vertical  wall  at  a 
very  acute  angle,  it  will  describe  a  curve  in  the  air,  so  as  to  return 
to  the  wall  after  having  rebounded  from  it:  explain  this  pheno- 
menon. 

22.  A  given  moving  force  will  communicate  the  same  velocity  to 
the  centre  of  gravity,  to  whatever  body  in  a  system  it  is  applied. 

TRINITY  COLLEGE,  1823. 

1.  Two  Momenta,  which  when  communicated  separately,  would 
cause  a  body  to  describe  the  adjacent  sides  of  a  parallelogram,  will, 
when  communicated  together,  cause  it  to  describe  the  diagonal,  with 
an  uniform  motion. 

2.  If  the  angle  at  which  two  given  forces  act  is  increased,  their 
joint  effect  is  diminished. 

3.  Two  weights  will  balance  each  other  on  an  horisontal  lever, 
when  they  are  inversely  as  their  distances  from  the  fulcrum. 

4.  There  are  two  wheels,  whose  diameters  are  5ft.  and  4ft.  on 
the  same  axle,  the  diameter  of  which  is  20  inches.  What  weight 
on  the  axle  would  be  sustained  by  forces  equal  to  48  lbs.  and  50  lbs.  on 
the  larger  and  smaller  wheels  respectively  ? 

5.  Find  the  relation  between  P  and  fV,  when  they  sustain  each 
other  by  a  system  of  pullies,  with  the  same  string  round  all  the  pul- 
lies :  on  the  principle,  that  if  the  state  of  rest  be  disturbed,  P  and  W 
will  be  inversely  as  their  incipient  velocities. 
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6«  If  two  weights  nsstain  each  other  on  two  incUned  planes,  hy  a 
(String  which  passes  over  a  pulley  at  their  oommon  vertex,  so  as  to  be 
parallel  to  the  planes  iQ^pectively ;  then  shall  the  weights  be  inversely 
as  the  lengths  of  the  planes. 

7.  Explain  the  contrivance  called  a  Lewis^  for  raising  heavy 
stones. 

6.  TThree  forces  cannot  sustain  each  other  on  a  wedge,  unless  their 
directions  pass  through  the  same  point. 

9>  The  mechanical  advantage  of  the  sorewj  is  independent  of  the 
radius  of  the  screw. 

10*  The  distance  of  the  oommon  centre  of  gravity  of  any  num- 
ber of  particles  from  a  given  plane,  remains  the  same,  however  the 
particles  are  moved  about  in  planes  parallel  to  the  given  plane. 

11.  With  what  velocity  must  a  ball  impinge  on  another  equal 
ball  moving  with  a  given  velocity  v,  that  its  velocity  may  be  destroyed 

liy  the  impact ;  the  common  elasticity  of  the  balls  being  --  th  of  per- 
fect elasticity  ? 

13.  Having  given  the  diameters  of  two  balls  moving  in  the  same 
plane,  and  the  velocities  and  directions  of  their  motion,  find  the  places 
of  their  centres  when  they  come  into  contact. 

13.  If  a  space  be  described  with  a  velocity  uniforhily  accelerated 
from  rest,  it  will  be  the  half  of  the  space  which  would  have  been 
desrijbed  in  the  same  time,  had  the  velocity  been  uniform  and  equal 
to  that  at  the  end  of  the  time. 

14.  The  time  of  an  oscillation  in  a  cycloidal  arc  is  constant,  what- 
ever be  the  portion  of  the  whole  cycloid  :  prove  this,  and  find  the 
actual  time  of  an  oscillation. 

15.  The  path  of  a  projectile  near  the  surface  of  the  earth  is  a 
parabola  nearly. 

TRINITY  COLLEGE,  1823. 

1.  ExPARSs  the  resultant  of  two  given  forces  in  terms  of  the 
components,  and  of  the  angle  at  which  they  act. 
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2.  Enumerate  the  different  principles  on  wbich  the  preceding 
question  has  been  resolved. 

3.  Forces,  represented  by  straight  lines  drawn  from  the  angular 
points  of  a  triangle  to  its  centre  of  gravity,  will  be  in  equilibrium. 

4.  The  effects  of  forces,  when  estimated  in  given  directions,  are 
not  altered  by  composition  or  resolution. 

5.  There  is  no  tension  sufficient  to  keep  a  heavy  cord  stretched  in 
any  line  that  is  not  verticaL 

6.  A  ladder  rests  against  a  wall ;  find  its  pressure  against  the  wall 
and  on  the  ground  respectively. 

7.  Define  the  eentre  of  gravity,  and  prove  that  every  body  has  a 
centre  of  gra^ty. 

8.  If  two  weights  support  each  other  upon  any  machine,  and  it  be 
put  in  motion,  the  centre  of  gravity  of  the  weights  will,  at  first, 
neither  ascend  nor  descend. 

9.  What  is  the  least  slope  down  which  a  regular  hexagonal  prism 
could  roll  ? 

10.  A  weight  slides  on  a  thread  fastened  to  the  extremities  of 
equal  arms  of  a  lever  of  uniform  density:  shew  that  the  lever 
will  not  rest  except  in  a  vertical  or  an  horizontal  position ;  and 
that,  if  it  be  put  in  motion,  it  will  ultimately  rest  in  a  vertical 
position. 

1 1.  Deduce  the  differential  expression  for  the  centre  of  gravity  of 
a  solid  of  revolution ;  and  apply  it  to  find  the  centre  of  gravity  of 
a  cone. 

12.  An  endless  cord,  passing  through  riu^  at  given  points  A,  B, 
on  the  same  level,  has  equal  weights  attached  to  rings  at  C  and  D,  and 
a  ring  at  E,  equally  distant  from  A  and  B,  supported  by  a  force  equal 
to  half  of  either  of  those  weights:  find  the  angles  of  the  figure 
which  the  thread  will  assume ;  and  the  length  of  the  thread,  that  its 
tension  may  be  to  the  supporting  force,  in  the  subduplicate  ratio  of  5 
to  4. 

<  13.  Apply  a  given  force  per^jendicularly  to  a  straight  lever,  so  as 
to  keep  it  at  rest,  when  it  is  acted  on  perpendicularly  at  given  points^ 
by  two  given  forces  not  in  the  same  plane. 
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14.  If  a  piece  of  timber  17  feet  long,  be  rested  on  a  prop  placed 
4  feet  from  one  end,  it  is  found  that  an  hundred  weight  at  that  end 
would  be  balanced  by  12  pounds  at  the  other ;  and  that,  if  the  places 
of  the  weights  are  exchanged,  the  prop  must  be  8  feet  from  the  other 
end.  Find  the  weight  of  the  timber,  and  the  place  of  the  prop  on 
which  the  timber  would  balance  without  the  weights. 

15.  Find  the  equation  of  equilibrium  on  the  inclined  plane,  when 
friction,  proportional  to  the  pressure,  is  taken  into  the  account 

16.  The  relative  velocity  after  the  direct  impact  of  perfectly 
elastic  bodies  is  the  same  as  before  the  impact. 

17.  Find  the  direction  in  which  a  perfectly  elastic  billiard-ball 
must  1)6  struck,  that,  moving  from  a  given  point  on  a  five-sided  bil- 
liard-table, it  may,  after  impinging  on  the  first,  third,  fifth,  second, 
and  fourth  sides  in  order,  be  reflected  to  a  given  poiat. 

18.  If  two  bodies  begin  to  fall  at  the  same  time  from  the  common 
vertex  of  two  inclined  planes,  the  line  joining  them  will  move  parallel 
to  itself. 

19.  Required  the  plane  of  speediest  descent  from  one  given  sphere 
to  another. 

20.  The  weight  A  afler  descending  freely  through  a  feet,  begins 
to  draw  up  another  greater  weight  J?  by  a  string  passing  over  a 
pulley :  find  the  extreme  height  to  which  B  could  rise,  and  the  tim^ 
of  rising. 

21.  A  body  is  projected  from  the  summit  of  a  mountain  of  30° 
elevation,  so  as  just  to  strike  at  the  bottom,  and  with  double  the 
velocity  of  projection,  which  is  what  would  have  been  acquired  in 
falling  down  400  yards  of  vertical  height.  Find  the  height  of  the 
mountain,  and  the  greatest  height  attained  by  the  projectile. 

22.  Required  the  length  of  an  inclined  plane,  the  height  of  which 
is  one  half  of  its  base,  that  a  body  projected  directly  up  the  plane 
with  a  given  velocity  may  be  as  long  after  leaving  the  plane,  before 
it  again  meets  the  horizon,  as  it  was  in  ascending  the  plane :  also 
find  the  range  and  the  time  of  flight. 

23.  Explain  the  method  of  applying  a  pendulum,  so  as  to  regu. 
late  the  motion  of  a  clock,  and  the  method  of  producing  the  requisite 
angular  velocity  in  the  hands. 

[Supp.  P.  II.]  c 
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24.  Detemine  tbe  motion  of  m  given  ]i6aty  particle^  projeeted 
along  *  rod  which  is  tapported  on  a  fulcnun  at  its  middle  pcnot,  and 
is  of  a  given  uni^cnn  deositj ;  the  motion  beginmng  from  tha  middle 
point,  and  the  first  position  of  the  xod  being  hodaontaL 


TRINITY  COLLEGE,  1884. 

1*  If  the  quantities  and  dkeotions  of  two  foMos  aoting  upon  a 
point  be  represented  bj  two  adjacent  sidas  of  a  parsllalogram;  its 
diagonal  will  r^resent  the  quantit/  and  direction  of  their  resultant.   • 

e.  Three  weights  A,  B  and  C  are  suspended  torn  given  points  of 
a  straight  lever:  where  must  the  fulcrum  be  plsced^  in  order  that  tha 
lever  maj  be  at  rest? 

S.  What  is  meant  hf  tha  principle  of  virtual  velocities?  Shew 
its  application  in  the  case  of  equilibrium  upon  an  inclined  plane. 

4.  Find  the  distance  of  the  centre  of  gravity  of  any  number  of 
g^ven  bodies  from  a  given  plane^  the  distance  of  the  centre  of  gravity 
of  each  body  from  the  plane  being  given. 

5.  What  are  the  laws  of  motion  ?  Can  they  be  considered  as 
entirely  founded  upon  observation  and  experiment. 

6.  P  (3)  draws  up  Q  (5)  by  means  of  a  string  passing  over  a 
fixed  pulley :  find  the  force  accelerating  P's  descent,  and  the  space 
described  in  /  ''(1^)  ^  ^^^  weight  of  the  string,  and  the  inertia  of  the 
pulley  being  neglected. 

7.  Find  the  time  of  oscillation  in  a  cycloid. 

8.  If  the  length  of  the  seconds  pendulum  be  59*1386  inches^ 
what  must  be  the  length  of  a  pendulum  which  loses  l(f  in  S4  hours, 

the  force  of  gravity  being  diminished  l^  "p?;^^  part  of  the  whole? 

9*  Find  the  range  and  time  of  flight  of  a  projectile  upon  an 
inclined  plane  passing  through  the  point  of  projection. 

10.  In  the  impact  of  bodies,  whether  elastic  or  not,  die  velooitjr 
of  the  centre  of  gravity  is  the  same  before  and  after  impact 
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TRINITY  COLLEGE,  1$«6. 

1.  How  are  foices  compared  and  measured  ? 

2.  Find  a  single  force  equivalent  to  two  given  forces  acting  at 
the  same  point  in  given  directions. 

3.  Exhibit  the  algebraical  value  of  the  compound  force,  and  show 
In  what  cases  it  is  equal  to  the  sum  or  difierence  of  the  given  forces. 

4.  In  what  case  can  forces  actbg  at  different  points  be  coni- 
pounded,  and  how  ? 

5.  How  may  two  blocks  be  formed  so  as  to  answer  the  purpose  of 
several  pullies  in  the  sjrstem  where  the  same  string  passes  round 
aU? 

6.  What  is  the  principle  of  virtual  velocities?  Prove  that  it 
obtains  in  the  case  of  the  double  inclined  plane. 

7.  Demonstrate  that,  when  weights  balancing  each  other  in  all 
positions  on  a  machine  are  set  in  motion,  the  common  centre  of 
gravity  remains  in  the  same  horizontal  plane. 

8.  Explain  the  graduation  of  the  Danish  stedyard,  in  which  the 
places  of  the  weights  are  invariable  and  the  fulcrum  is  moveable. 

9*  What  is  rackwork  ?  Explain  the  construction  and  mechanical 
advantage  of  the  jack,  used  by  masons  to  lift  up  librge  stones. 

10.  How  is  the  equilibrium  of  forces  acting  in  different  directions 
on  a  ri^d  body  stated  algebraically  ? 

11.  Distinguish  between  stable  and  unstable  equilibrium.  What 
must  be  the  bei^t  of  a  parabolic  conoid  resting  on  its  vertex  in  an 
e^uKhrlum  of  indifference } 

IS.  Find  the  centre  of  gravity  of  a  wedge,  of  which  the  sides  are 
cat  into  the  form  of  a  parabola,  the  dat  surftces  being  exactly  similar 
and  equaL 

13.  Find  the  equation  to  the  catenary  measuring  the  co-ordinates 
from  the  lowest  point.  Show  that  it  nearly  coincides  with  a  parabola, 
about  the  vertex. 

14.  Prove  the  equations  of  motion : 

0  2 
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•  15.  Under  what  conditions  may  one  perfectly  elastic  ball  be  made 
to  strike  another,  so  that  each  shall  move,  after  the  impact,  in  a  given 
direction? 

16.  How  is  the  velocity,  communicated  from  one  mass  to  another, 
increased  by  interpofling  others  between  them  ?  Whieit  is  the  utraost 
extent  of  the  advantage  to  be  obtained  in  this  manner  ? 

17-  When  any  number  of  bodies  not  urged  by  any  forces  are  set 
in  motion,  their  common  centre  of  gravity  moves  uniformly  in  a 
straight  line. 

18.  Describe  the  motion  of  a  ball  projected  up  an  inclined  plane 
with  such  a  velocity  as  to  fly  over  the  top  of  it  Show  that  the 
parabola  which  it  describes  has  the  same  directrix  as  that  in  which  it 
would  have  pnoved  had  the  inclined  plane  not  existed. 

19-  Find  the  time  of  oscillation  of  a  pendulum,  and  show  how  it 
may  be  made  to  oscillate  isochronously. 

20.  How  is  the  intensity  of  the  force  of  gravity  estimated  by 
observations  on  a  pendulum  ? 

21.  Find  the  correction  to  be  applied  to  a  pendulum  which 
vibrates  seconds  nearly,  but  not  exactly.  How  is  this  correction 
applied  by  means  of  a  screw  ? 

22.  Find  the  equations  to  the  motion  of  a  point  on  a  curved  sur* 
face,  and  apply  them  to  the  case  of  a  hollow  parabolic  conoid,  with 
it  axis  vertical.  Show  that  when  the  path  becomes  a  plane  circle, 
the  angular  velocity  is  the  same  in  all  cases  for  the  same  surface. 

23.  What  is  D'Alembert's  principle  >  Apply  it  to  determine  the 
motions  of  two  weights  connected  by  a  string  hanging  over  a  pulky« 

24.  Explain  the  construction  of  Attwood's  Machine,  and  describe 
the  experiments  made  with  it  to  illustrate  the  principles  of  Mechanics* 


TRINITY  COLLEGE.    May  1831. 

1.  If  two  weights,  acting  perpendicularly  upon  a  lever,  on  o^pipo^ 
site  sides  of  the  fulcrum,  have  their  distances  from  the  fulcrum 
inversely  as  the  weights,  they  will  balance  each  other. 
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2.  Shew  tbat,  caUeris  paribus,  the  lu^  a  carriage-wbeel  is,  tlie 
less  is  the  foroe  requisite  to  draw  the  carriage  over  a  given  obstacle. 

3.  When  three  forces  acting  on  a  point  are  in  equilibrium,  each 
varies  as  the  sine  of  the  angle  contained  by  the  directions  of  the  other 
two. 

4.  Required  the  proportion  of  P  to  ^  in  the  single  moveable 
pulley,  the  strings  not  being  paralleL 

5.  Find  the  proportion  of  P  to  W^,  when  there  is  equilibrium  on 
the  inclined  plane,  P  acting  in  a  direction  making  any  angle  with 
the  plane ;  and  shew  that  this  proportion  is  the  same  as  that  of  VPs 
velocity  in  the  direction  of  its  action,  to  P's  velocity  in  the  direction 
of  its  action,  supposing  a  small  motion  to  be  given  to  the  weights. 

6.  Find  the  centre  of  gravity  of  a  pyramid  whose  base  is  a 
triangle,  and  thence  derive  that  of  a  cone. 

7.  State  the  three  laws  of  motion.  What  are  the  quantities  to 
which  in  mathematical  language  the  terms  velocity,  momentum,  acce« 
lerative  force,  and  moving  force  are  applied  ? 

8.  Explain  the  nature  of  impact,  and  the  manner  in  which  time 
must  be  considered  in  estimating  its  effect  Illustrate  your  expla- 
nation by  examples. 

9*  The  space  described  by  a  body  uniformly  accelerated  from 
rest,  is  half  the  space  described  in  the  same  time  with  the  last 
acquired  velocity. 

10.  Obtain  the  equation  to  the  path  of  a  projectile,  and  the  velo- 
city at  any  point. 

11.  Find  the  time  of  a  small  osciDation  in  a  circular  arc. 

12.  Give  satisfactory  reasons  for  concluding  that  gravity  at  the 
Earth's  surface  is  a  constant  force,  and  that  it  acts  on  all  bodies 
alike. 

TRINITY  COLLEGE,    Mat  1831. 

1.  Find  the  magnitude  and  the  direction  of  the  resultant  of  two 
given  forces  acting  in  given  directions  on  a  point. 

2.  A  given  weight  fF  is  to  be  supported  by  a  horizontal  rod  of 
givenrkngth  l,  on  two  vertical  props,  one  of  which  can  sustain  no 
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more  than  P,  and  the  other  ao  more  than  Q ;  required  the  point  of 
the  rod  from  which  ^mu»t  be  suspended,  that  dip  ^vofB  may  sup* 
port  le^  than  the  greatest  they  cm  iU|qport,  by  the  same  quantity. 

S,  Find  the  proportion  of  the  power  to  the  weight  when  there  is 
equilibrium  on  the  screw. 

4.  If  a  heavy  homogeneous  triangle  be  held  in  sxij  position  hy 
three  vertical  strings  attached  to  its  angles,  the  strings  sustain  equal 
portions  of  it 

5.  In  the  common  balapce,  the  weights  being  unequal,  find  the 
position  |n  which  it  wiU  rest.  Hepce  determine  the  stability  aod 
sensibility  of  the  balance^ 

6.  A  flexible  chain  of  given  weight  is  wrapped  exactly  veund  a 
given  circJe,  the  plane  of  which  is  vertipal,  mi  is  supported  on  the 
circle :  required  the  tensions  at  the  highest  and  lowest  points. 

7*  A  ladder  of  given  weight  and  dimensions  r^ts  in  a  ghren 
position  against  a  vertical  wftUs  Hi^  is  prevented  sUdipg  by  frictkm  » 
^ying  g'^ve^  the  n^tip^  of  frietion  to  pressure  on  t}ie  bori;Kmtal  plane 
and  on  the  wall,  find  )iow  hi^h  a  mai^  of  given  weight  may  a3oei|d. 
the  ladder  before  it  begins  to  slide. 

8.  Any  puncher  gf  beams  am^nged  ais;' sides  of  a  polygoB,  in  a  vet- 
tical  plane,  support  each  other,  ^d  support  also  give^  weights  at 
the  angles :  it  is  required  to  find  the  horizontal  pressure  at  the  pomts 
of  support. 

9.  If  a  couple  of  equal  and  opposite  forces  act  in  a  rigid  planer 
shew  that  equilibrium  pay  be  prodw^  in  an  unUmited  nuaiber  of 
wsiys  by  introducing  another  couple:  and  ^umin^  arbitrarily  &  lu^e 
in  which  one  of  the  forces  of  the  additional  cQv\ple  shall  acti  deter- 
mine the  line  in  which  the  other  must  act. 

10.  Describe  the  construction  of  a  dome :  shew  that  no  dome  can 
remain  at  rest  by  its  own  weigbtn  when  suppQrtecl  OA  a  horizontal 
plane ;  and  that  the  weights  of  the  consecutive  rings  of  voussoirs  may 
iuGEease  in  any  psopoirtkm  greater  than  that  of  the  di&renoe  of  the 
tangents  of  the  angles  which  the  joints  mal»  with  ttke  vertiGal. 

11.  State  the  principle  of  Tirtnal  velocities ;  9fiA  prove  \iy  means 
of  it  that  if  a  uai&RB  rod  resU  on  two  stnd^t  Hneadia  eq^uelkni  of 
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which  are  j^^ax,  yss^^afx,  the  ys  bdng  fertioalt  the  taagent  of  the 
angle  it  makes  with  the  horizon  =  5  f >) 

18.  Find  the  centre  of  gravity  of  the  firiutuai  of  a  parahah&d^ 
having  given  the  length  0  of  it«  aiii>  sind  the  radii  a,  b,  of  ita  lai^er 
and  smaller  ends. 

13*  A  solid  ii  generated  hj  a  vairiaUe  rectangle  mpving  parallel 
to  itself  along  im  a)U4  perpendicutor  to  its  p|i^le  through  its  centra; 
one  side  of  the  rectangle  varies  as  the  dwtiwpe  fn«n  <^  fi^  ppi^^  '^ 
the  axis,  half  the  other  is  the  sine  of  a  cir^pUf  Wi  of  whi(^  this 
distance  is  the  versed  sine :  shew  that  the  distance  of  the  centre  of 
gravity  of  the  whole  solid  from  the  fixed  pointy  is  equal  to  four-fiflhs 
of  the  length  of  its  axjs. 

14.  A  flexible  chain  of  given  weight  and  length  hangs  vertically ; 
required  the  horizontal  devigtiqu  from  the  vertical  line  of  su^nsion 
which  its  lowest  point  may  be  made  to  undergo  by  means  of  n  givep 
fbrce,  applied  horizontally. 

15.  Assuming  that  for  ^  coxis^t  force  /  ^  p  i^ew  that  for  a 

tin 

variable  force  /*  =  -r-* 

16.  Two  bodies  whose  oouimon  plastictty  is  e,  lAoving  with  given 
velocities,  impinge  directly  on  each  other ;  it  is  i^uixed  to  determine 
their  velocities  after  impact. 

17.  Find  the  accelerative  force  when  ^  body  P  descending  down 
a  given  inclined  plane,  draws  another  Q  along  a  horizontal  table  by  a 
string  acting  parallel  to  tbp  pkine  of  tl^e  table. 

18.  A  body  descends  down  a  dioid  of  a  drdle,  the  plane  of  which 
is  vertical,  and  the  diameter  of  which  is  D,  in  the  time  during  which, 
fiftUipg  vertically,  it  would  describe  9;  shew  th^t  if  A  be  the  fibscissa 
of  the  point  from  which  it  sets  out,  reckoned  from  ih&  highest  point 
of  the  circle,  the  abscissa  of  the  point  to  which  it  comes  is 

h(D  +  qY 
(D^qy  +  4qh' 

1^.  If  a  body  descend  down  any  arc  by  the  action  of  grfivity,  the 
velocity  acquired  at  any  point,  will  be  the  same  as  if  the  ho^y  li^d 
descended  down  the  same  vertical  space  freely. 
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20.  Obtain  in  parts  of  a  second  the  difference  of  the  times  of 
descent  down  half  the  cycloid  in  which  a  body  would  oscillate  in  l'\ 
and  down  its  chord. 

21.  Required  the  time  of  descending  down  an  inverted  cycloid, 
from  the  extremity  of  its  base^  to  a  straight  line  which  cuts  the  cycloid 
at  right  angles,  and  the  base  at  an  angle  of  60^. 

,22.  Mention  several  methods  in  which  the  problem  of  the  com- 
position of  two  forces  acting  on  a  point  has  been  solved^  and  shew  that 
they  all  depend  only  on  physical  principles,  which  have  become  known 
by  observation  or  experiment. 


TRINITY  COLLEGE,  Junk  1832. 

1.  If  two  weights  acting  perpendicularly  on  a  lever,  on  opposite 
sides  of  the  fulcrum,  have  their  distances  from  the  fulcrum  inversely 
as  the  weights,  they  will  balance  each  other. 

2.  If  any  two  forces  act  at  the  same  point,  the  force  which  is 
equivalent  to  the  two  is  expressed  in  magnitude  by  the  diagonal  of  the 
parallelogram  whose  sides  represent  the  forces. 

3.  Two  parallel  forcea  act  at  given  points,  in  a  straight  line,  and 
in  opposite  directions,  find  the  magnitude  and  point  of  application  of 
the  resultant.     Explain  the  result  when  the  forces  are  equal. 

4.  In  the  isosceles  wedge  find  the  proportion  of  the  power  to  the 
resistance. 

5.  In  the  system  of  pullies,  where  each  pully  hangs  by  a  separate 
string,  the  power's  velocity,  is  to  the  weight's  velocity,  as  the  weight 
to  the  power. 

6.  Find  the  centre  of  gravity  of  any  number  of  bodies  considered 
as  points  in  a  plane. 

7.  Explain  what  is  meant  by  stable  equilibrium,  and  when  a  body 
whose  lower  surface  is  spherical  rests  upon  a  sphere,  find  the  condition 
of  stability. 

8.  When  a  body  is  supported  on  a  vertical  curve,  find  the  conditions 
of  equilibrium. 
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9.  State  some  of  the  experiments  which  shew  that  at  the  same 
place^  and  near  the  earth's  surface^  gravity  is  a  constant  accelerating 
force^  and  acts  equally  on  all  hodies. 

10.  Explain  the  terms  velocity,  moving  force,  accelerating  force> 
and  momentum. 

1 1 .  When  the  force  is  constant  the  space  described  in  a  time  t  as  ^Jfi» 

12.  Two  equally  elastic  hodies  impinge  dj^rectly  upon  each  other 
with  given  velocities,  determine  their  motions  after  impact,  and  shew 
that  the  motion  of  their  centre  of  gravity  remains  unaffected. 

13.  Find  the  path  of  a  heavy  body  projected  from  a  given  point, 
in  a  given  direction,  and  with  a  given  velocity ;  and  find  also  the  ve- 
locity at  any  point  in  its  course* 

14.  The  time  of  descent  down  the  arc  of  an  inverted  cyckid  is 
independent  of  the  length  of  the  axe 

TRINITY  COLLEGE,  June  1832. 

1 .  In  the  bent  lever,  the  power's  velocity  is  to  the  weight's  velocity 
as  the  weight  to  the  power. 

2.  The  weights  of  the  voussoirs  are  as  the  tangents  of  the  angles 
which  their  joints  make  with  the  Vertical. 

3.  Find  the  resultant  of  any  number  of  forces  acting  in  space,  and 
the  equations  to  the  line  of  its  direction. 

4.  Obtain  the  equation  to  the  catenary  when  the  chain  is  acted  on 
by  any  forces,  and  thence  deduce  the  equation  to  the  common  cate- 
nary. 

5.  Determine  the  equation  of  the  state  bordering  upon  motion  in 
the  inclined  plane. 

6.  .  State  the  principle  of  virtual  velocities,  and  apply  it  to  obtain 
the  conditions  of  equilibrium  of  a  rigid  system  acted  upon  by  any 
number  of  given  forces. 

7*    Write  down  and  eiqylain  the  equations  which  express  the  con- 
ditions necessary  and  sufficient  for  equilibrium, 
(1).  When  the  system  is  free, 
(2).  When  the  system  has  a  fixed  point, 
(3).  When  the  system  ha9  a  filled  axis. 
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S.  Wben  a  weight  is  xaised  hy  meoas  of  a  cn&k,  Bad  the  iFdocitjr 
at  any  point  in  its  ebcular  aseent 

di 

9.  When  the  force  u  variable^  prove  strictlj  that  v  ap  j-* 

10.  A  qaadnmt  of  a  circle  revolves  round  the  tangent  to  the 
middle  point  of  its  arc^  required  the  volume  of  the  solid  described. 

11.  Find  the  centre  of  gravity  of  a  spherical  sectorj  in  which  Uie 
density  a£  each  particle  varies  as  its  distance  from  the  centre. 

IS.  Eqqal  foroet  act  at  every  point  in  the  surface  (^  a  given  splie- 
xieal  seetor,  and  their  direotions  pass  through  the  oentre,  find  the  |Da§« 

nitude  and  direction  of  the  resultant. 

IS.    If/bethe  ooeffieient  of  friotioo,  what  most  be  the  vertical 

angle  of  an  isosceles  triangle,  that  when  placed  upon  an  ineUned  plane 
which  is  gradually  elevated^  the  triangle  may  begin  to  slide  at  the 
same  moment  that  it  also  begins  to  roll  over  its  lowest  angular 
point? 

14.  Two  given  beams  press  against  each  other  upon  the  gromi4 
plane^  and  rest  upon  two  given  curves  whose  axes  are  horisontal 
and  coincident^  and  their  vertices  at  a  given  distance  from  each 
other,  find  the  equations  necessary  to  determine  the  positions  at 
equilibrium. 

15.  An  uniform  chain  of  given  length  is  placed  in  a  given 
position  on  the  circumference  of  a  given  vertical  circle,  and  is  Just 
kept  from  sliding  by  a  tangential  force  applied  at  its  highest  extre* 
mity,  compare  this  force  with  the  pressure  sustained  by  the  cueum* 
ferenoe. 

16.  Find  the  number  of  seconds  lost  in  a  day  when  a  seconds 
pendulum  is  carried  to  the  top  of  a  mountain  two  miles  high. 

17*  In  a  circle  two  chords  are  drawn  from  the  extremity  of 
the  horizontal  radius  subtending  arcs  d  and  2d.  If  the  time  down 
the  chord  of  9f  =  n  times  that  down  the  chord  of  ^,  then  will 

1 


Q  =  CQ8.-1 


n«-.l 


18.     If  two  bodies  be  projected  from  the  same  point,  with  equal 
velocities  and  in  such  directions^  that  they  both  arrive  at  the  same 
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point  OB  ft  plane  whose  inclination  to  the  horijon  U  $,  and  if  i,  t',  be 
the  times  of  flight  and  m  the  an^e  of  projeetion  of  the  firsts 

then  will  if  =it. 


8in.(«  ^  e) 

19.  A  hoEiJontal  heavy  radius  of  a  circle  moveaUe  about  the 
centre  is  drawn  up  into  a  vertical  position  by  means  of  a  given  weight 
suspended  from  a  line  attached  to  its  extremity/  and  passing  over  a 
fixed  pully  at  the  extremity  of  the  vertical  radius^  find  the  velocity  at 
the  end  of  the  motion. 

20.  In  a  cycloid  it  i  be  the  time  of  descent  firom  the  point  whose 
abscissa  is  the  radius  of  the  generating  circle  to  any  other  pointy  and 
if  r  be  the  time  down  the  chord  joining  the  corresponding  points  in 
the  generating  drele^  then  will 

2  tan.-i  cr  =s  tan.-i  (>/«  txn.ci), 

where  c  S5  yj» 


St.  JOHN'S  COLLEGE,  I8I6. 

1.  ExPiiAiN  how  the  velod^  of  a  body  may  be  expressed  nume« 
rioally ;  and  shew  that  when  bodies  have  different  uniform  motiensy 
the  spaeof  described  a^e  proportional  lo  the  times  and  velocities 
jointly. 

9.    Prove  the  principle  of  the  compoaltien  and  resolution  of  forces. 

3.  When  two  equal  weights  balance  each  other  on  a  straight  lever^ 
the  pressure  on  the  fulcrum  is  equal  to  their  sum.  A  proof  is  re« 
quired. 

4.  A  power  P  draws  up  a  weight  fVhy  a,  wheel  whose  breadth  is 
just  sufficient  to  admit  one  coil  of  a  rope^  the  thickness  of  which 
is  2r,  so  that  the  rope  perpetually  ceils  on  itself.  Neglectbg  the 
excess  of  weight  of  one  rope  on  the  side  of  the  wheel  over  that  on 
the  other^  find  where  W  has  acquired  the  greatest  velocity. 

5.  If  a  weight  be  sustained  on  an  inclined  plane  and  made  to 
describe  a  small  space,  shew  that  the  velocity  of  &e  power  is  to  that 
of  the  weight : :  the  weight :  the  power. 
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6.  From  wbat  j^int  must  a  thin  ^iie  in  the  tana  of  a  oydoidhe 
suspended^  so  that  when  loaded  at  each  end  with  half  its  own  weight 
it  shall  rest  with  its  hase  peqpendicular  to  the  horizon  ? 

7.  Elasticity  being  perfect^  and  A,  B,  C  being  the  weights  of 
three  bells  in  the  order  of  their  magnitudes^  ><  strikes  B  at  rest  with 
a  given  velocity  and  drives  it  against  C;  the  distance  between  B  and 
C  being  given,  and  the  velocity  of  A,  find  where  A  will  overtake  B 
again. 

8.  Find  a  point  in  the  circumference  of  a  vertical  circle  to  which 
a  body  may  fall  down  an  inclined  plane  from  the  centre  in  the  same 
time  that  another  would  fall  down  the  diameter. 

9«  Prove  from  a  property  of  the  sphere,  that  the  time  down  any 
chord  of  a  circle  whose  plane  is  inclined  to  the  horizon,  is  equal  to 
the  time  down  the  diameter. 

10.  A  thin  conical  stick  being  laid  in  a  polished  hemisphere, 
find  where  it  will  rest  in  equilibrium  (both  ends  zesting  on  the  sur- 
face) and  when  made  to  slide,  what  curve  will  its  centre  of  gravity 
describe.^ 

11.  In  what  position  of  a  ladder  does  a  man  raising  it  sustain  the 
least  weight  ? 

12.  A  body  falls  from  a  tower  200  feet  high.    Find  the  time  of 
falling  through  a  part  whose  length  is  two-thirds  of  its  height,  and- 
which  is  so  situated  that  its  extremities  are  equi-distant,  respectively 
from  the  top  and  bottom  of  the  tower. 

13.  Three  unequal  poles  connected  at  their  Upper  ends  and  resting 
their  lower  on  the  ground  in  a  triangle,  support  a  weight.  Compare 
the  pressures  on  them  in  the  direction  of  their  length. 

14.  The  time  of  an  oscillation  in  a  cycloid  :  time  down  its  aads  I : 
circumference  of  a  circle  :  diameter. 

15.  A  straight  lever  carries  at  one  extremity  a  given  weight,  and 
to  the  other  is  attached  a  chain,  which  reaches  to  the  ground,  and  lies 
with  part  of  its  length  loosely  coiled  up.  Find  in  what  position  the 
lever  wDl  rest. 

16.  The  distance  of  the  centre  of  gravity  of  a  pyramidal  surface 
from  any  one  of  the  planes  of  which  it  consists,  is  one-third  of  the 
distance  of  the  opposite  vertex  from  that  plane. 
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17-  Explain  the  method  by  which  the  probability  of  hitting  a 
given  mark  by  a  shot  fired  at  random  may  be  determined^  the  velocity 
of  projection  being  given ;  and  ahew^  that  when  the  mark  is  a  hori«« 
sontal  straight  line  directed  to  the  point  of  projection^  having  its 
farther  extremity  at  a  distanccf  equal  to  the  greatest  horizontal  range> 
and  its  length  equal  to  half  that  range^  the  odds  against  hitting  it 
are  2  to  1>  the  shot  being  fired  in  its  plane. 

18.  A  cubical  solid  rests  in  equilibrium  between  two  inclined 
planes,  containing  an  acute  angle ;  determine  its  position,  and  com- 
pare the  pressures  on  the  supporting  planes.  Prove  also,  that  the 
.ratio  of  these  pressures  is  independent  of  the  figure  of  the  solid. 


St.  JOHN'S  COLLEGE,  1817. 

1.  Explain,  and  exemplify  the  principle  '^  that  action  and  re« 
action  are  equal  and  contrary." 

2.  The  effects  of  forces  when  estimated  in  given  directions  are 
not  altered  by  composition  or  resolution. 

S,  G  is  the  common  centre  of  gravity  of  any  number  of  points 
A,  By  C,  &c.,  any  how  situated.  Join  GA,  GB,  GC,  &c. ;  then  if 
forces,  represented  in  quantity  and  direction  by  these  lines  act  at 
once  on  G,  they  will  ke^  it  at  rest 

4.  From  a  given  point  Without  a  given  circle,  draw  a  plane  to 
the  circle,  so  that  the  time  down  it  shall  equal  the  time  down  a  given 
plane. 

5.  Two  forces  act  in  given  directions  on  the  arms  of  a  bent  lever, 
and  keep  each  other  in  equilibrio.    Find  the  pressure  on  the  fulcrum. 

6.  The  centre  of  gravity  of  a  triangular  pyramid  is  the  same  with 
that  of  four  equal  bodies  placed  at  its  comers. 

7.  From  P  to  any  number  of  fixed  points  A,  B,  C,  &c.,  draw 
PA,  PB,  &c  so  that  PA^  +  PJ5«  +  PC^  +  &c  =  a  constant 
quantity.  Shew  that  P  will  always  lie  in  a  spherical  surface,  whose 
centre  is  the  centre  of  gravity  of  the  points  A,  B,  C,  &c. 

8.  A  IB  1st  fall  from  a  given  point,  at  the  same  time  that  B  is 
projected  from  the  same  point  along  a  honzoatal  plane.  Find  the 
path  of  the  centre  of  gravity. 


Digitized  by  VjOOQIC 


90  BXAMIVATION  PAPEftB  {St.  Jf^'s 

9.  PRQ  is  an  inflexiUe  mettUio  lamiiuii  in  the  fom  of  a  dfODkr 
afo>  of  A  given  weight ;  P  end  Q  are  two  weights^  Ukewiie  giTen^ 
fixed  at  itt  extremities.  Determine  the  poation  in  which  it  will  rest 
on  an  horijontal  plane  ARB.  Akoi  given  P,  find  Q,  fo  that  Ae 
aic  ahaU  rest  in  a  given  position. 

10.  Elasticity  is  to  perfect  elasticity  : :  ffi  :  1.  A  strikes  B,  at 
rest^  and  drives  it  round  the  circumference  of  a  circle.  Find  whete 
Ihqr  will  meet  after  HxwaA  fix  -^  I  strokes^  the  space  desocibed^  and 
time  etapsed.  Shew  that  after  an  infinite  number  of  strokaSy  die 
vdoeity  of  A  will  be  the  same  as  if  the  bodies  were  perfeotJ  j  dastic, 
and  of  J7,  as  if  perfectly  hai:d>  and  one  impact  only  had  taken  place. 

11.  In  the  last  problem^  suppose  elasticity  perfect,  and  find  the 
ratio  a[  A  :  By  90  that  they  shall  continue  to  meet  alternately  180^ 
and  36(f,  from  their  last  point  of  concourse. 

•  12.  Elasticity  bdng  perfect^  if  the  number  of  mean  proportionals 
interposed  between  two  bodies  A  and  X,  be  increased  withofat  limit ; 
determine  the  ratio  of  A'b  velocity  to  the  velocity  thus  communicated 
toX 

IS*  The  times  of  descent  down  chords  of  a  circle  drawn  to  the 
extremity  d  a  vertical  diameter  are  equaL 

14.  A  moves  in  the  circumference  of  a  circle :  JB  is  placed  witheut 
it.     Find  the  path  of  their  centre  of  gravity. 

15.  A  given  weight  P,  draws  up  (by  means  of  an  extremely  thin 
string  passing  over  a  fixed  pulley)  a  chain^  of  an  indefinite  length, 
loosely  coiled  up  on  an  horizontal  plane ;  find  P's  velocity  at  any 
point,  and  also  the  point  where  P  will  begin  to  re-ascend. 

16.  Between  two  parallel  planes,  perpendicular  to  the  horiaon, 
project  a  body  from  a  given  point  so  as  to  return  to  the  hand,  after 
n  reflections. 

17.  DBF  is  a  semicycloid ;  from  what  height  AB  must  a  body 
fall  on  the  given  point  B,  that  it  may  be  reflected  into  the  vertex. 

18.  On  a  smooth  cycloidal  lamina  (vertex  upwards)  is  laid  a 
chain,  having  its  upper  extremity  upon  the  rertex.  Find  the  time 
of  its  running  down  the  whole  curve  and  the  velocity  acquired, 
and  shew  how  the  same  principles  aoay  be  applied  to  any  rectiflaUe 
curve. 
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19.  Eiaatidhy  :  peifeet  elasticity  : :  m  :  1.  Find  the  point  an  a 
given  komontal  line^  from  whicb,  if  a  ball  be  dropped,  it  >bal1^  after 
striking  a  given  inclined  plane^  be  reflected  to  a  given  point 

20.  A  and  B  are  two  pullies,  A  fixed^  B  moveable^  and  P  draws 
up  W;  define  the  circumstances  of  the  motion,  when  the  inertia  of 
A  and  B  is  taken  into  consideralion* 

21.  Make  a  body  oscillate  in  a  ^vea  cj^doid* 


St.  JOHN'S  COLLEGE,  June  1813. 

1.  If  a  body  be  kept  at  test  by  three  forces^  and  lines  be  drawn 
equally  inclined  to  the  directions  in  which  they  act,  forming  a 
triangle,  the  ddes  of  this  triangle  will  r^esent  the  quantities  of 
the  forces. 

2.  The  aune  weight  is  weighed  at  the  two  ends  of  a  false 

balance,  and  it  is  observed  that  the  whole  gain  is  -th  part  of  the 

n 

true  weight ;  to  determine  the  distance  of  the  fulcrum  fnm  the 

middle  point  of  the  lever. 

3.  If  two  equal  forces  sustain  each  other  by  means  of  a  string 
pasnng  over  a  tack,  shew  that  the  pressure  upon  the  tack  is  to  either 
of  the  forces  as  the  sine  of  the  angle  at  which  the  forces  act  to  the 
sine  of  I  the  same  angle. 

4.  The  space  described  by  a  falling  body  in  the  Jt^  second  :  space 
passed  over  in  the  last  second  except  (n)  ::  a  :  b;  find  the  whole 
space  described. 

5.  If  three  forces  be  represented  by  the  three  adjacent  sides  of  a 
rectangular  parallelopiped,  the  compound  force  is  the  diagonal ;  find 
this  force  in  terms  of  the  other  forces,  and  shew  that  the  sum  of  the 
squares  of  the  anes  of  the  angles  which  each  force  makes  with  the 
compound  force  is  a  constant  quantity. 

6.  From  the  two  ends  of  a  vertical  straight  line  two  bodies  are 
at  the  same  instant  projected  towards  each  other.  Find  their  dis- 
tance ir<m  each  other  when  -th  part  rf  the  time  in  which  they 
would  meet,  is  elapsed. 
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7.  AP,  AQ  Bie  the  directions  of  two  forces  P,  Q,  and  AR  that 
of  their  compound  force  R,  and  FE,  KG  are  drawn  in  any  direction 
parallel  to  each  other^  then 

P:  Q:  R::  eg.bf  :  fk.de  :  dh.fe. 

8.  The  same  notation  remaining,  if  any  point  E  he  taken  in  the 
same  plane  with  P,  Q,  R,  and  the  perpendiculars  EFy  EG,  EH,  he 
drawn,  then  Q.E(}±  P.EF  =  R.EH. 

Q,  In  a  system  of  (»)  moveable  pullies^  where  each  pulley  hangs 
by  a  separate  string,  and  the  strings  are  parallel,  if  the  weights  of 
the  puUies,  reckoning  from  the  one  nearest  to  JV  increase  in  a  geo- 
metric progression,  whose  common  ratio  is  (2),  when  there  is  an 

W      B 
equilibrium  P  =  —  +  —  .  (2*  —  2 ''") ;  B  being  the  weight  of  the 

At  3 

lowest  pulley.     Find  likewise  (n)  from  this  equation. 

10.  A  given  weight  P  draws  another  Q  up  an  inclined  plane  by 
means  of  a  thread  running  parallel  to  the  plane,  and  the  force  stretch- 
ing the  string  is  -th  part  of  the  descending  weight ;  to  determine 
the  plane's  inclination  to  the  horizon. 

11.  In  the  Swedish  steelyard  the.  body  to  be  weighed  and  the 
constant  weight  are  fixed  at  its  extremities,  and  the  fulcrum  is  move- 
able. If  then  (n)  bodies. in  arithmetic  progression  are  weighed  in 
succession,  and  the  two  first  are  w  and  rv%  determine  the  distance  of 
the  fulcrum  from  either  end  when  the  last  body  is  suspended. 

12.  Compare  the  time  down  any  arc  of  a  given  cycloid  with  the 
time  down  the  corresponding  chord. 

15.  If  a  line  be  drawn  from  each  extremity  of  the  axis  major  to 
any  point  of  an  equilateral  hyperbola,  having  its  plane  and  axis 
vertical,  the  times  of  descent  down  these  lines  are  equal. 

14.  If  the  plane  and  axis  of  a  cissoid  be  vertical,  to  determine 
the  line  of  quickest^  descent  from  the  curve  to  the  farther  extremity 
of  the  diameter. 

15.  Shew  from  the  phenomena  of  pendulums  that  a  falling  body 
descends  through  l6^  feet  in  the  first  second  of  time. — Does  your 
proof  suppose  the  body  to  fall  in  vacuo  ? 
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16.  AP,  BQ  are  the  directions  of  two  parallel  forces  P,  Q,  which 
sustain  each  other  on  the  equal  arms  of  the  hent  lever  AFB.  Draw 
FD  perpendicular  to  AB,  and  FC  parallel  to  AP  or  BQU  then 

P  +  Q  :  P^Q::  tan.^  :  tan.^. 

!?•  If  0  he  the  aog^  which  the  direction  of  projection  makes 
with  the  horizon^  (a)  and  (6)  the  vertical  and  horizontal  distances 
of  an  inclined  plane  from  the  point  of  projection,  and  (A)  the  height 
due  to  the  first  velocity,  the  time  of  flight  {i)  will  be  determined 
from  this  equation, 

'^  »i    I  6  J  m 

18.  A  perfectly  hard  sphere  A  moves  with  an  uniform  velocity 
(ti)  along  the  line  /C,  another  perfectly  hard  sphere  £  is  so  situated 
that  A  impinges  upon  it  when  its  centre  arrives  at  G ;  calling  the 
Zi)GC(8), 

the  velocity  of  A  after  impact  =  v  y  j  sin.«d  +  (-j s)  •  ^^^*^  f 

19-  A  body  urged  by  gravity  descends  in  the  quadrant  of  a  circle, 
and  is  at  the  same  time  acted  upon  by  a  repulsive  force  placed  in  the 
lowest  point  varying  inversely  as  the  (dist)' ;  to  find  the  velocity  of 
the  body  at  any  point  of  its  descent,  and  to  determine  its  positions 
when  at  rest,  and  when  its  velocity  is  the  greatest. 

20.  ACBDG  a  perfectly  flexible  chain  of  given  length  fastened 
at  A  passes  over  the  pulley  B,  which  is  placed  dose  to  A,  The 
excess  oi  DO  above  BC  at  the  commencement  of  the  motion  being 
given,  to  ascertain  the  velocity  of  the  chain  after  a  given  portion  of 
it  has  been  dravm  over  the  pulley. 

21.  Find  the  centre  of  gravity  of  the  sector  of  a  sphere. 

22.  Find  the  centre  of  gjrration  of  an  ellipse  revolving  round  its 
centre  in  its  own  plane* 


St.  JOHN'S  COLLEGE,  Mat  1823. 

I.    Drpink  force  and  its  measure,  and  determine  that  of  gravity 
from  observing  the  time  of  an  oscillation  in  a  small  circular  arc. 
tSupp.  P.  IL]  D 
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S.  In  wliftt  poadoo  will  ihe  wdgbt  whidi  a  given  power  sup- 
ports^ by  means  of  a  wheel  and  square  axle,  be  a  mean  proportianal 
between  tbe  greatest  and  least  weights  supported  on  the  same 
machine. 

3.  If  two  forces  inclined  at  angles  a  and  &  to  the  arms  a  and  6 
of  a  straight  lever^  not  attadied  to  its  fulcrum^  balance^  then 

a\h  ::  tan.(/3)  :  tan.(<i). 

4.  In  imperfectly  elastic  bodies  the  relative  velocity  before  impact 
:  relative  velocity  after  : :  compressing  force  :  force  of  elasticity. 

5.  If  two  sides  of  a  billiard-table  be  indinefl  at  an  angle  of  5^ 
and  a  perfectly  elastic  body  be  projected  against  one  of  them  at  an 
angle  of  7%  find  after  how  many  reflexions  it  will  cease  to  approach 
tiie  angle. 

6.  If  a  regular  hexagonal  canal  be  placed  with  two  opposite 
angles  in  a  vertical  line ;  the  velocity  acquired  in  falling  from  the 
highest  to  the  lowest  point  :  velocity  acquired  in  falling  freely  down 
the  same  height  ; :  5  :  8. 

7«  If  a  cylinder  be  placed  with  its  axis  horizontal^  find  the 
greatest  distance  to  which  it  may  be  produced^  so  that  a  bullet  fired 
from  the  one  end  with  a  given  velocity  may  just  pass  through  it 

8.  If  two  equal  parabolas  be  placed  with  their  axes  in  the  same 
vertical  line  ABD,  then>  if  a  body  fall  down  the  plane  BEF  and 
the  ordinate  FD  cut  BE  m  G, 

time  down  BE  I  time  down  EF  : :  DG  :  GFn 

9-  Prove  that  when  a  system  is  in  equilibrio^  the  centre  of  gravity 
is  the  highest  or  lowest  possible ;  and  hence  deduce  the  position  c^ 
equilibrium  of  the  two  equal  beams  AC,  BD,  which^  revolving  in  a 
vertical  plane  round  the  points  A  and  B  in  the  horizontal  line  AB, 
support  a  given  weight  on  the  string  joining  their  summits. 

10.  Find  the  velocity  acquired  by  the  middle  point  of  a  rod  in 
falling  from  a  vertical  to  a  horizontal  positiouj  the  bottom  being 
prevented  from  sHding. 

11.  If  a  body  be  drawn  up  a  cydoidal  canal  placed  with  its  axis 
vertical^  by  means  of  an  equal  weight  passing  over  a  pulley  at  the 
highest  point  of  the  arc ;  the  time  of  ascending  to  the  highest  point 
:  time  of  ^  an  oscillation  : :  \f^  I  1. 
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If.  Given  the  weight  which  a  man  six  fi^et  Uf^  cm  suj^iort 
witti  his  ana  hoxiaontal;  find  the  hdgbt  of  a  naa  who eaa  only 
support  his  arm  in  that  positioiL 


St.  JOHN'S  COLLEGE,  Mat  1827. 

1.  If  a  rotatory  motion  be  communicated  to  a  body^  and  it  be 
ihen  left  to  move  freely^  shew  that  the  axis  of  rotation  will  pass 
through  the  centre  of  gravity. 

2.  A  beam  PQ  of  uniform  density  and  thidmess  hangs  by  two 
strings  AP,  BQ,  from  two  fixed  points  A,  B.  Shew  that  when 
there  is  an  equilibrium^  the  tensions  of  the  strings  are  inrersely  as 
the  fines  of  the  angles  at  P  and  Q. 

3.  AB  is  a  vertical  line  of  given  length*  Find  the  ]ocm  of  the 
point  P,  so  that  the  square  of  the  time  down  AP  together  with  the 
square  of  the  time  down  PB  may  be  always  constant. 

4.  The  time  of  descent  to  the  lowest  pdnt  in  a  small  circular 
are :  time  down  the  chord  ; ;  circumference  of  a  circle  :  four  times 
its  diameter. 

5.  A  given  conical  beam  rests  with  its  vertex  against  a  smooth 
vertical  wall^  and  the  base  is  sustained  by  a  known  weight  fastened 
to  a  string  which  passes  over  a  fixed  pulley.  Required  the  position 
of  the  beam  when  at  rest^  and  the  pressure  against  the  wall. 

6.  A  paraboloid  rests  with  its  vertex  upon  that  of  a  given  hemi- 
sphere.    Find  the  length  of  its  axis  so  that  it  may  all  but  fall. 

7.  Find  the  centre  of  gravity  of  a  parabola  cut  off  by  an  ordinate 
to  any  diametar* 

8.  Two  elastic  bodies  move  in  opposite  directions  with  equal 
momenta.  Shew  that  ihe  difference  of  the.  products  of  each  body 
and  the  velocity  of  the  other  before  impact  ;  sum  after  impact  ::  re- 
lative velocity  before  :  relative  velocity  after. 

9.  When  P  raises  JV  by  means  of  the  wheel  and  axle,  given  P 
and  fV  and  the  radius  of  the  wheel ;  find  that  of  the  axle  so  that 
the  axis  may  sustain  the  least  possible  pressure. 
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10.  Two  equal  weights  axe  connected  \j  a  atxing  of  nnitem 
density  and  thickness  which  passes  over  a  fixed  pullef,  and  the  string 
when  suspended  freely  will  just  support  a  wei^t  (IT).  The  whole 
heing  put  in  motion^  find  the  time  elapsed  before  the  string  breaks. 

11.  An  elastic  ball  being  projected  obliquely  upwards  is  con- 
tinually reflected  by  a  perfecdy  hard  horizontal  plane,  and  the  sum 
of  the  areas  of  all  the  parabolas  described  :  area  of  the  fitst  : :  8  :  7; 
find  the  elasticity  of  the  balL 

12«  A  hollow  spherei  whose  external  and  internal  radii  are 
Icnown,  rolls  down  a  given  inclined  plane.  Find  the  inclination  of 
another  plane  of  the  same  length  so  that  it  may  slide  down  it  in  the 

same  time. 

IS.  An  isosceles  right-angled  triangle  ABC  is  suspended  at  the 
right  angle  A,  and  its  side  AB  (4/),  is  kept  vertical  by  a  ring  at  B. 
An  angular  velocity  (a;)  being  communicated  to  the  triangle  round 

AB,  shew  that  there  will  be  no  pressure  at  fi  if  t^  =  ^ 

14.  If  two  bodies  be  projected  at  equal  distances  from  a  plane  to 

which  they  are  attracted  by  a  force  varying  — ,  and  with  velocitiea 

which  are  inversely  as  the  sines  of  the  angles  which  the  directions 
of  projection  make  with  the  plane,  prove  that  theu:  common  centre 
of  gravity  will  describe  a  conic  section. 

15.  Two  bodies  P  and  Q  connected  by  an  inflexible  rod  and 
acted  on  by  gravity  move  in  the  circumference  of  a  vertical  circle, 
find  the  tension  of  the  rod  in  any  position. 


St.  JOHN'S  COLLEGE,  Dbc.  1829- 

1.  If  two  forces,  acting  on  the  arms  of  any  lever,  keep  it  at  rest, 
they  are  inversely  proportional  to  the  perpendiculars  drawn  fi:om  the 
fulcrum  on  their  directions. 

2.  If  a  point  be  kept  at  rest  by  three  forces,  acting  upon  it  at 
the  same  time,  any  three  lines,  which  are  in  the  directions  of  th^ae 
forces,  and  form  a  triaogle^  will  represent  them. 


Digitized  by  VjOOQIC 


Q^L  1850.]  IN  MSCHANICS.  37 

S.  Any  weights  w31  keep  each  other  in  equilibrio  on  the  arms 
of  a  straight  lever,  when  the  products,  which  arise  from  multiplying 
each  weight  by  its  distance  from  the  fulcrum,  are  equal  on  each  side 
of  the  fulcrum« 

4.  Find  the  ratio  of  P  to  ^  in  a  system  of  n  pulleys,  where 
each  pulley  hangs  by  a  separate  string,  and  each  string  is  attached 
to  the  wei^t. 

5.  Find  the  ratio  of  P  to  fF  when  they  sustain  each  other  upon 
two  inclined  planes  having  a  common  altitude,  by  means  of  a  striog, 
which  is  parallel  to  the  planes. 

6.  Find  the  ratio  of  P  to  fF  in  the  wedge. 
7«    P^yve  the  third  law  of  motion. 

8.  In  the  direct  impact  of  two  imperfectly  elastic  bodies,  6nd  the 
vehxaty  lost  by  A.  And  if  A  impinge  upon  B  at  rest,  find  the  ratio 
of  A  to  J3,  that  A  may  remain  at  rest  after  impact. 

9.  Define  accelerating  force.  How  is  it  measured?  Prove 
that  the  space  described  by  a  body  uniformly  aocderated  from  rest, 
is  equal  to  half  the  space  it  would  describe  in  the  same  time  with 
the  last  acquired  velocity  continued  uniform. 

10.  The  length  of  the  arc  of  a  cycloid  is  double  of  the  corre- 
sponding chord  of  the  generating  circle. 

J 1.    Find  the  time  of  an  oscillation  in  a  cycloid. 

12.  Find  the  equation  to  the  curve  described  by  a  body  projected 
in  any  direction,  not  vertical,  and  acted  upon  by  gravity. 

13.  Find  the  range  on  an  inclined  plane  passing  through  the 
pmnt  of  projection:  and  the  greatest  height  of  the  projectile  above 
the  plane. 

St.  JOHN'S  COLLEGE,  Dec  18S0. 

1.  Il^  two  foites,  acting  on  the  arms  of  any  lever,  keep  it  at  rest, 
they  are  inversely  proportional  to  the  perpendiculars  drawn  from 
the  fulcrum  on  their  directions. 

2.  The  effects  of  farces,  when  estimated  in  given  directions,  are 
not  altered  by  composition  or  resolution. 
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3.  Find  the  proportion  between  the  power  and  weight  in  tbat 
syttem  of  piillies^  in  which  each  string  ii  attached  to  the  weight ; 
the  strings  being  parallel 

4.  If  P  and  W  be  two  forces  in  equilibrium  on  a  lever,  and  the 
whole  be  put  in  motion  round  the  fulcrum^  prove  that  at  the  begin- 
ning of  the  motion   „t-, ; — r^  =  -tt^  the  velocities  of  P  and  W 

fV  B  velocity       P 

being  estimated  in  the  directions  in  which  they  act 

5.  In  a  system  of  bodies^  given  each  body  and  its  perpendicular 
distance  from  a  fixed  plane,  find  the  perpendicular  distance  of  the 
centre  of  gravity  of  the  system  from  the  same  plane. 

6.  Prove  that  the  higher  the  centre  of  gravity  of  a  body  is, 
cceterU  paribus,  the  more  easily  it  is  overturned. 

7.  Write  down  the  thiee  laws  of  0iotion>  and  prove  the  thiid 
law. 

8.  In  the  direct  impact  of  two  bodies  whose  elasticity  is  (e)i  find 
their  vdodties  after  impact.    Explain  what  is  meant  by  (e). 

9.  Prove  the  equations  D  ssft,  s^^iv;  (v)  being  the  velocity 
acquiredy  and  («)  the  space  described  in  the  time  (<},  by  a  body 
accelerated  from  rest  by  an  uniform  f<»«e  (/). 

10.  If  a  body  be  projected  downwards  with  a  velocity  (ti)  in  the 
direction  of  an  uniform  force  (/),  find  its  velocity  after  having 
described  a  space  {s), 

1 1  •    Find  the  time  of  oscillation  in  a  cycloid. 

19.    Find  the  equation  between  horizontal  and  vertical  oo-oidi* 

nates  to  the  curve  described  by  a  body  projected  With  a  given  vekMa^ 
in  a  direction  inclined  at  a  given  angle  to  the  horixon. 

13.  A  body  being  projected  at  a  given  aa^  with  the  horixon, 
find  the  range  and  time  of  flight  on  a  given  inclined  plane  passing 
through  the  point  of  projectioB,  and  deteimine  the  gieatBat  height 
to  which  it  rises  above  the  plaue» 
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St.  JOHN'S  COLLEGE,   May  1831. 

1.  If  a  body  descend  from  rest  down  any  curve  by  the  action  of 
gravity,  the  velocity  acquired  at  any  point  is  equal  to  that  which 
would  be  acquired  in  falling  from  rest  through  the  same  perpen- 
dicular height. 

2.  State  the  principle  of  virtual  velocities,  and  prove  it  in  the 
case  of  the  idngle  moveable  pulley  with  strings  not  parallel. 

S.  If  (n)  bodies  P,  2P,  3P,  4P,  &c.  be  placed  at  equal  dis- 
tances  along  a  straight  lever  of  given  length,  find  the  point  upon 
which  they  will  balance. 

4.  A  beam  of  given  length  and  thickness  rests  in  a  horizontal 
posidon  with  its  extremities  on  two  props;  and  a  weight  equal  to  the 
weight  of  the  beam,  hung  from  its  middle  point,  is  just  sufficient 
to  break  it  at  that  point ;  what  must  be  the  length  of  the  beam 
between  the  props,  when  it  will  just  break  in  the  same  point  by  its 
own  W0i^t  ? 

5.  A  given  uniform  beam,  having  one  extremity  on  a  smooth 
horijontal  pUne,  leans  over  the  top  of  a  given  vertical  post,  and  is 
kept  from  sliding  down  by  an  obstacle  placed  at  its  lower  extremity. 
Find  the  horizontal  pressure  against  this  obstacle. 

6.  If  a  body  descend  from  rest  down  a  quadrant  of  a  circle  by  the 
action  of  gravity,  find  at  what  points  of  the  descent  it  must  be 
reflected  by  a  horizontal  plane,  that  the  range  upon  this  plane  may 
be  equal  to  the  perpendicular  height  fallen  through. 

•  7*  A  globe  of  given  dimensions  being  projected  up  a  given  smooth 
inclined  plane,  describes  (a)  feet  upon  that  plane ;  how  far  will  it 
ascend  when  the  plane  is  rough,  the  body  being  projected  with  the 
same  velocity  ? 

&  The  length  of  ah  nniform  elastic  string,  when  uikstretdied,  is 
aqual  to  thft  radios  of  a  given  dide ;  but  when  laid  along  the  cir* 
GOMfaenee  of  this  dicle  plaeed  veftically,  hymning  from  the  highest 
point,  it  extends  over  an  arc  of  6*0^.     Find  its  extensibility. 

9*  Thtfee  perfectly  elaatk  balls  A,  B,  C,  are  placed  at  the  three 
aaglet  of  a  plane  triaa^i  of  which  the  an^es  are  known.  Ckunpare 
the  magnitudes  of  the  balls,  when  A  impingbg  obliquely  on  B  wkb 
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a  given  velocity  is  reflected  so  as  to  strike  C,  and  thence  reflected 
to  its  first  position ;  th6  lines  drawn  from  the  centres  of  the  balls  to 
the  points  of  impact,  being  respectively  perpendicular  to  the  opposite 
sides  of  the  triangle. 

10.  Two  bodies^  P,  and  Q,  connected  by  an  inflexible  rod  with- 
out weight,  rest  upon  the  inner  surface  of  a  hollow  paraboloid,  the 
axis  of  which  is  vertical    Find  the  position  of  equilibrium. 

11.  Find  the  radius  of  the  globe,  whidi  must  be  attached  to  the 
extremity  of  a  second's  pendulum,  so  that  the  time  of  vibration  may 

h^  increased  by  -th  part  of  a  second. 
*  n 

12.  A  body,  placed  at  a  given  altitude  above  the  horizon,  is 
acted  upon  in  a  vertical  direction  by  gravity,  and  in  a  horizontal 
direction  by  a  force  always  proportional  to  its  distance  from  the 
horizon.  Supposing  the  body  to  set  out  from  rest,  find  its  path,  and 
determine  its  nature  and  dimensions. 

13.  Two  equaUy  elastic  balls  descend  at  the  same -instant  down 
the  arc  of  a  cycloid,  from  the  opposite  extremities  of  its  horizontal 
base.  Find  the  whole  space  described  by  them  between  the  Ist  and 
(2n+l)**»  impacts. 

14>.  A  given  uniform  rod,  acted  upon  by  gravity  alone,  vibrates 
in  a  vertical  plane  about  a  horizontal  axis  passing  through  one  of  its 
extremities.  Supposing  the  rod  to  be  placed  horizontally  at  first, 
find  the  quantity  and  directbn  of  the  whole  pressure  on  the  axis, 
in  any  position  of  the  rod. 


St.  JOHN'S  COLLEGE,  May  1832. 

1.  If  four  forces  be  represented  in  magnitude  and  direction  by 
lines  joining  the  angles  of  a  triangular  p3rramid  with  itd  centre  of 
gravity,  they  will  keep  a  particle  placed  at  that  point  in  equ3L 
brium. 

2.  When  a  body  is  projected  vertically  upwards  with  a  given 
velocity,  determine  its  velocity  after  ascending  through  a  given  aiti* 
tude. 
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3.  If  a  body  be  projected  down  a  plane  inclined  at  30^  to  tbe 
horijson  with  a  velocity  =sf  of  that  due  to  the  height  of  the  plane^ 
the  time  down  the  phine  will  equal  the  time  down  its  yertical 
height  from  rest. 

4.  If  72  be  the  resultant  of  the  forces  P  and  Q  acting  on  a  point, 
•nd  '*>  Pf  9>  be  the  perpendiculars  on  their  directions  drawn  from  any 
point  in  the  plane  in  which  they  act,  then  Rr  ss  Pp  +  Qq, 

5.  The  accelerating  force  on  the  centre  of  gravity  of  two  bodies 
P  and  Q  moving  vertically,  and  connected  by  a  string  passmg  over  a 

fixeapulley=(^)*.ir. 

6.  Find  the  centre  of  gravity  of  a  circular  arc ;  and  thence  de. 
termine  (tke  position  of  a  walking  stick  suspended  by  the  extremity  of 
its  handle,  which  is  a  semicircle. 

7.  When  an  elastic  string  is  suspended  vertically  from  one 
extremity,  the  upper  half  is  lengthened  three  times  as  much  as  the 
lower. 

8.  Find  the  equation  to  the  catenary  when  acted  on  by  gravity. 

9.  Determine  the  velocity  with  which  a  perfectly  hafd  wheel 
must  move  on  a  horisontal  plane,  so  as  just  to  surmount  a  given 
obstacle. 

10.  A  body  P  acted  on  by  gravity  moves  down  a  semicydcrid; 
shew  that  if  PQ  be  drawn  horisontally  to  meet  the  circle  described 
on  the  axis  of  the  cydoid,  Q  moves  uniformly  wiih  a  velocity  dne  to  ^ 
the  radius  of  the  .circle. 

11.  Pft>ve  that  there  are  generally  two  directions,  in  which  a 
body  may  be  projected  with  the  same  velocity  so  as  to  pass  through  a 
given  point ;  but  only  one  when  the  velocity  of  projection  is  a  mini- 
mum :  determine  also  the  minimum  velocity. 

12.  Define  the  centre  of  oscillation  of  a  body,  and  investigate  a 
general  expression  for  its  distance  from  the  point  of  suspension. 
Determine  the  radius  of  oscillation  of  a  sphere  round  a  horizontal 
axis  at  a  ^ven  distance  from  its  centre. 

13.  A  beam  of  given  weight  and  length  is  fixed  at  its  lower 
extremity  to  a  hinge,  and  rests  with  the  other  on  the  slant  hoe  of  • 
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ri^Uftngled  prum  in  such  a  manner  that  the  motions  of  rotation  and 
translation  of  the  prism  are  just  prevented.  Sapposing  the  hinge  and 
the  haae  of  the  prism  to  be  in  the  same  horizontal  plane,  find  the 
position  of  the  prism  and  the  coefficient  of  friction. 

14.  When  a  system  of  forces  acts  upon  a  rigid  body^  determine 
the  condition  that  they  may  have  a  single  resultant. 

15.  A  thin  cylinder  (^  of  given  elasticity  is  drawn  along  a 
horizontal  plane  AWhy  £i  string  wrapped  round  it|  which  paoaing 
through  an  orifice  A  in  the  vertical  plane  BAC,  sustains  a  w^ht  P 
hanging  vertically ;  determine  the  whole  space  described  by  P  before 
the  motion  of  JV  ceases. 

16.  Investigate  an  equation  for  determining  the  tension  of  a  bow 
string,  the  curvature  of  the  bow  being  small. 

CAIUS  COLLEGE,  May  1831. 
Second  Year* 

1.  If  three  parallel  forces  acting  on  a  straight  lever  produce  equi- 
librium, each  is  as  the  distance  between  the  other  two. 

2.  Prpve  die  parallelogram  of  forces.  , 

What  objections  may  be  urged  against  your  demonstration  > 

3.  Find  the  ratio  of  P  to  TV  in  the  screw. 

4.  Find  the  centre  of  gravity  of  a  triangle. 

If  a  6  c  be  the  sides  of  the  triangle,  and  A  ^  /  the  distances  of  its 
angular  points  from  the  centre  of  gravity,  then 

flS  +  fe2  +  c«  =  3(A2  +  *«  +  /«). 

5.  Determine  measures  for  the  requisite  qualificaticms  of  a  good 
balance. 

6.  Find  the  conditions  of  equilibrium  for  any  forces  acting  in  otie 
plane  on  a  rigid  body. 

7.  'Ennndatfe  and  prove  the  principle  of  virtual  velocities. 

Does  your  demonstration  prove  the  principle  to  the  full  extent  of 
its  application  ? 

8.  Prove  that  the  volume  generated  by  the  revolution  of  a  plane 
area  about  a  line  In  its  own  plane,  is  at  the  area  X  the  path  of  its 
cetttraofgiatity: 
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Find  tike  volume  generated  by  the  revolution  of  the  area  bounded 
by  an  entire  cydoid^  about  a  tangent  to  the  curve  at  its  vertex. 

9*  If  a  chain  be  acted  on  at  every  point  by  a  force  tending  to  or 
from  a  centre,  the  tension  varies  invenely  as  the  perpendicular  from 
the  centre  of  foros  on  the  tangent. 

10.  Prove  the  equation  ^  se/;  and  hence  deduce,  that  for  an 

uniform  force  2s  ==ft^* 

11.  If  two  spheres  be  moving  uniformly  in  straight  lines,  having 
given  their  velocities  and  contemporary  positions;  find,  by  construc- 
tion, their  positions  when  nearest  each  other, 

(1.)  When  the  lines  are  in  one  plane. 
(8.)  When  they  are  not  in  one  plane. 

12.  If  a  body  be  projected  in  a  given  direction  and  with  a  given 
velocity  in  vacuo,  determine  the  curve  described;  and  find  ihe  maxi- 
mum distance  of  the  body  from  a  given  plane. 

13.  Find  the  time  of  the  oscillations  of  a  body  made  to  move  in 
the  are  of  a  cycloid  whose  axis  is  vertical ;  and  determine  the  teatixm 
of  the  string. 

CAIUS  COLLEGE,  June  18S2. 

1.  Define  the  resultant  of  two  forces ;  and  prove  that  it  acts  in 
the  direction  of  the  diagonal  of  a  parallelogram,  the  sides  of  which 
represent  the  forces  in  magnitude  and  direction. 

2.  Find  the  conditions  of  equilibrium  of  a  point  upon  a  curve ; 
the  forces  acting  in  the  plane  of  the  curve. 

9.  Prove  that  two  parallel  forces,  equal  and  contrary,  but  not 
directly  opposite,  cannot  have  a  single  resultant;  and  that  a  pair  of 
such  forces  will  make  equilibrium  with  any  other  similar  pair,  the 
plane  of  which  is  pandlel  to  the  plane  of  the  former,  and  the  ten« 
irncy  to  produce  motion  in  a  contrary  direction« 

4.  A  unifbrm  triangular  plate  is  suspended  from  a  point  by  strings 
fiufeened  to  the  vertices  of  its  angles ;  prove  that  the  tensions  of  the 
aningi  will  be  proportional  to  their  lengths. 

a.  Two  forces  p  and  9  acting  at  the  extremities  of  theaims  n  and 
h  of  a  stintght  lever  make  equilibrium;  find  the  pressure  on  tfie  fhli 
crumi  p  acting  on  the  lever  at  an  angle  of  6(f. 
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6.  Find  the  power  neoeasary  to  austaiii  a  weight  upon  an  inclined 
plane^  the  direction  of  the  power  being  given. 

What  must  the  direction  be  that  the  power  should  be  a  minimum^ 
friction  being  proportional  to  the  pressure  ? 

7.  If  5f  =  chord  x  be  the  equation  to  a  curre,  the  distance  of  its 
centre  of  gravity  from  the  axis  will  be  equal  to  7. 

8.  Illustrate  the  general  proof  of  the  principle  of  virtual  velocL 
ties  by  its  application  to  the  lever. 

9.  Define  *  inertia'  and  '  weight' ;  and  prove  that  the  inertia  of  a 
body  is  proportional  to  its  weight. 

10.  State  the  second  law  of  motion:  and  mention  some  experi- 
ments by  which  it  is  established.  ^ 

1 1.  Find  the  motion  of  two  imperfectly  elastic  bodies,  afbr  their 
direct  impact. 

IS.    A  body  acted  on  by  gravity  is  projected  in  a  g^ven  direction  . 
with  a  given  velocity;  find  the  direction  and  velocity  at  any  time* 

IS.  Find  the  time  of  vibration  in  a  circular  arc,  and  the  pressure 
upon  the  curve. 

14.  A  dock  loses  5"  a  day ;  what  change  should  be  made  in  the 
length  of  the  pendulum  ? 

QUEEN'S  COLLEGE,  1825. 

1.  Two  forces  which  are  to  each  other  as  2  :  *^$,  whencom*- 
pounded,  produce  a  force  which  is  equivalent  to  half  the  greater : 
required  the  an^^e  at  which  they  act. 

2.  Suppose  that  a  cylindrical  lever,  1 8  feet  long,  rests  in  equi- 
librio  upon  a  fulcrum  two  feet  from  one  end,  having  a  wei^t  of 
&ve  pounds  at  the  farther,  and  another  of  100  pounds  at  the  nearer 
end  to  the  fulcrum;  what  is  the  weight  of  the  lever? 

8.  Two  equal  weights  are  suspended  by  a  string  passing  over 
three  tacks,  which  form  an  isosceles  triangle,  whose  base  is  parallel 
to  the  horison,  and  vertical  angle  120^.  It  is  required  to  compare 
the  respective  pressures  on  the  tacks  with  each  oth^r,  and  with  the 
weights. 
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4.    Required  ihe  centre  of  gravity  of  three  eqoal  bodieft  pbced 
at  the  three  angles  of  an  iaoficeles  right-angled  triangle. 
.   5«   .An  equiangular  prism  when  phiced  upon  an  inclined  plane^ 
with  its  axis  parallel  to  the  hori«m,  is  just  suf^ported;  required  tb^ 
plane's  inclination. 

6,  A  body  falls  down  (a)  feet  of  a  given  inclined  plane  in  (b) 
seconds,  another  body  at  the  end  of  (6)  seconds  is  let  fall  in  the 
line  of  descent  of  the  first  body  at  the  distance  (a)  -f  (c)  feet 
from  the  vertex  of  the  plane;  show  how  the  time  may  be  found, 
in  which  the  first  body  will  overtake  the  other ;  a,  b  and  c  being 


7-  It  is  required  to  divide  a  given  inclined  plane  into  three  such 
parts,  that  a  body  descending  down  the  plane  may  describe  each 
of  them  in  the  same  time. 

8.  Two  given  weights  A  and  B  hang  over  a  fixed  pulley ;  re« 
quired  the  length  of  a  pendulum  that  makes  one  oscillation  whilst  A 
descends  one  foot. 

g.  A  body,  dropped  from  the  top  of  a  tower,  falls  to  the  ground 
in  the  same  time  that  a  pendulum  twelve  inches  long  makes  six  oscilla« 
tions ;  required  the  height  of  the  tower,  on  the  supposition  that  the 
body  fiiUs  through  the  space  of  sixteen  feet  in  the  first  second. 

10.  If  two  bodies  are  projected,  at  the  same  time,  from  two  given 
points  with  given  velocities  in  given  directions,  required  their  dis- 
tance at  the  end  of  r. 

QUEEN'S  COLLEGE,  May  J8S1. 

1.  Statb  the  three  laws  of  motion,  and  give  an  account  of  the 
experiments  by  which  the  second  is  established. 

%  There  will  be  equilibrium  in  that  system  of  pullies  in  which 
each  pulley  hangs  by  a  separate  string,  if  each  pulley,  the  power,  and 
the  weight,  are  all  equally  heavy. 

S.    A  rod  rests  with  its  middle  point  agunst  a  post  of  half  its 

length  and  on  the  ground:  show  that  the  horizontal  force  at  the 

bottom  of  the  rod  which  prevents  the  sliding 

iJS 
«=  (weight  of  the  rod),  -r— . 
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4i»  A  given  tihnist  b  canuniinieated  to  a  gmooth  plane  bj  means 
of  a  rod,  which  ia  prevented  from  sliding  hy  a  thread  tied  to  its  ex» 
tremity  and  making  equal  angles  (^)  widi  the  rod  and  pboe:  show 
that  the  pressure  on  the  plane  oc  tan  (0). 

5.  State  and  prove  Guldin's  Properties,  and  shew  that  if  the 
extreme  ordinate  of  a  semi.parabola  equals  its  latus  rectum,  that  the 
solids  generated  by  the  area  revolving  round  a  tangent  at  its  vertex, 
the  extreme  ordinate,  and  its  axis,  are  respectively  as  the  num. 
hers  1, 1,  {• 

6.  A  hemisphere  is  placed  with  its  vertex  on  the  base  of  another 
one  of  equal  radius;  prove  that  if  the  density  of  the  upper  one :  that 
of  the  bwer  : ;  3  :  5,  that  the  whole  solid  will  rest  ona  hori«mtal 
plane  in  all  positions. 

7.  If  a  system  acted  on  by  gravity  be  in  a  state  of  pennanent 
equilibrium,  and  then  slightly  disturbed,  the  small  motion  of  the 
centre  of  gravity  is  entirely  horizontal. 

8.  From  the  last  question  show,  without  any  calculation,  that  an 
uniform  rod  will  rest  in  all  positions  against  a  point  and  on  the  oon. 
cave  arc  of  the  conchoid  of  Nicomedes. 

g.  In  the  impact  of  two  perfectly  elastic  balls,  the  sum  of  each 
body  multiplied  by  the  square  of  its  velocity  is  the  same  before  and 
after  the  impact :  show  that  the  same  proposition  is  also  true  when 
the  motion  is  continued  through  any  number  of  elastic  baUs* 

10.  At  the  two  extremities  of  a  string  which  passes  over  a  fixed 
pulley  are  attached  respectively  three  and  two  equal  balls,  and  thus 
motion  ensues  for  five  minutes  when  suddenly  two  of  the  three  balls 
fall  off.  Show  that  the  remaining  single  ball  wiU  continue  to  descend 
for  three  minutes  longer. 

H.  If  a  pendulum  when  carried  to  the  top  of  a  mountain  is 
observed  to  lose  in  a  given  time  just  twice  as  much  as  it  does  when 
taken  to  the  bottom  of  a  mine  in  the  ncighbourhood«^show  that  the 
height  of  the  one  equals  the  depth  of  the  other. 

12.  The  moment  of  inertia  of  a  spheroidal  surface  of  small  cllip- 
ticity  about  its  axis  =  -  w6*  •  (^  +  I  *y  where  €  =     T"    • 
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QUEEN'S  COLLEGE,  May  1882. 

]•  GivsN  the  8um  of  two  farces  which  act  on  a  point  and  the 
angle  which  each  of  them  makes  with  the  resultant,  to  find  the  re- 
sultant 

2.  If  one  arm  of  a  halance  be  slightly  longer  than  the  other,  the 
error  in  the  weight  wHI  vaiy  as  this  slight  error  in  the  length. 

3.  If  the  same  weight  be  again  used  in  the  other  scale,  the  loss 
upon  the  whole  will  vary  inversely  as  the  square  of  the  length  of  the 
arm. 

4u  A  beam  rests  with  one  end  upon  a  circle  and  the  other  upon  a 
parabola;  iind  the  position  of  equilibrium. 

5.  AEBC  is  the  quadrant  of  an  ellipse  of  which  AB  and  ii  Care 
the  semi-axes :  find  the  position  of  the  centre  of  gravity  of  the  por- 
tion BECcut  off  by  the  quadrantal  chord  BC:  shew  that  its  ap« 

7 
proximate  distance  from  AC=:  —  BA. 

.6.  The  base  of  an  inclined  plane  is  horizontal  and  an  uniform 
chain  Is  laid  over  the  plane,  reaching  either  way  to  the  base :  prove 
that  the  chain  has  no  tendency  to  move. 

7.  AC^  BC  are  two  uniform  rods  of  equal  lengths  and  perpendi- 
cular  to  each  other ;  but  the  density  of  BC  ;  that  oi  AC  : :  y^3  :  1 : 
prove  that  they  will  rest  vertically,  when  the  right  angle  C  is  placed 
on  a  horizontal  plane  and  BC  inclined  at  60*  to  the  horizon. 

8«  If  any  number  of  forces  act  upon  a  rigid  body,  they  arc  in 
all  cases  reducible  to  a  single  force  and  a  single  couple:  prove 
that  the  single  force  passes  through  the  fixed  pivots  in  Roberval's 
balance. 

9.  Find  the  momentum  of  inertia  of  an  elliptic  quadrant  about 
an  axis  through  the  extremity  of  its  major  axis  perpendicular  to  its 
plane. 

10.  An  imperfectly  clastic  ball  is  let  fall  vertically  upon  a  para-i 
bolic  curve  placed  in  a  vertical  plane^  find  the  point  where  it  must 
strike  the  curve  so  that  after  reflexion  it  may  pass  through  the  vertex. 
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11.  If  a  material  poiiit^  kept  at  xegt  by  any  forces,  be  slightty 
disturbed,  so  tbat  the  resultbg  force  of  restitutum  is  in  the  directiaa 
of  difl|Klaoement,  prove  that  this  force  varies  as  the  displacement 

12.  Four  e^ual  attractive  forces  are  placed  in  the  comers  of  a 
square  and  varying  as  ^  (r)  act  on  a  particle  in  a  diagonal  and  very 
near  to  the  centre  of  the  square:  shew  that  the  particle  will osdllate 
in  the  diagonal  and  the  time  of  one  of  these  small  oscillations  varies 

inversely  as  y  (j^  (a)  -| -j  where  a  is  the  semi-diagonaL 


JESUS  COLLEGE,  Mat  IBSO. 

1.  EzpiiAiN  what  is  meant  by  weight,  and  show  how  the  wdght 
of  any  body  may  be  measured. 

2*  The  whole  length  of  the  beam  of  a  balance  is  3  feet  9  inches. 
A  certain  body  placed  in  one  scale  weighs  9  lbs.  and  placed  in  the 
other  weighs  4  lbs :  find  the  true  weight  of  the  body,  and  the  length 
of  the  arms  of  the  balance. 

d.    Show  how  the  steel-yard  must  be  graduated. 

4.  If  three  forces  keep  a  point  at  rest,  they  are  to  each  other  as 
the  sines  of  the  angle  contained  by  the  other  twa 

5.  A  given  weight  is  supported  by  three  props  upon  a  horisontal 
plane.  To  find  the  pressure  on  each :  the  lengths  of  the  props  and 
the  difftf^ffc^  at  which  they  stand  being  given. 

6.  In  toothed-wheels,  the  moment  of  P  about  the  centre  of  the 
first  wheel,  is  to  the  moment  of  W  about  the  centre  of  the  second 
wheel,  as  the  perpendiculars  from  the  centres  of  the  wheels  upon  the 
line  of  direction  of  their  mutual  actions. 

7.  Show  in  the  case  of  the  wedge  that  P  :  W  ::  fVs  velodty 
in  the  direction  of  its  action  :  Ps  velocity  in  the  direction  of  ita 
action. 

8.  Find  the  centre  of  gravity  of  a  triangular  pyramid. 

9.  When  a  body  is  supported  on  a  curve  (the  curve  being  in  a 
vertical  plane) :  to  find  the  conditions  of  equilibrium. 

10.  Find  the  centre  of  gravity  of  the  sector  of  a  circle. 


Digitized  by  VjOOQ  IC 


Co/A  1831.]  IK  HBCHAinCS.  49 

11.  In  the  direct  impact  of  ^terfectly  elaitac  bodies,  the  sum  of 
each  body  into  the  square  of  its  velocity  is  the  same  before  and  after 
impact.  ' 

12.  When  a  body  is  accelerated  in  a  straight  line  by  a  uniform 
force,  the  velocity  is  as  the  time  from  the  beginning  of  the  motion. 

13.  A  heavy  chain  100  feet  long  hangs  freely  over  a  fixed  pully, 
60  feet  on  one  sid^  and  40  feet  on  the  other,  find  how  long  the  chain 
will  be  in  quitting  the  pully ;  friction  and  the  inertia  of  the  puUy 
being  n^ected. 

14.  A  body  is  to  be  projected  fimn  a  given  point  with  a  given 
velocity,  so  as  to  strike  another  given  point :  to  find  the  direction  of 
projection. 

15.  If  a  body  descend  down  any  curve  by  the  action  of  gravity, 
the  velocity  acquired  at  any  point  will  be  the  same  as  if  the  body  had 
descended  down  the  same  vertical  space  falling  freely. 

16.  If  a  pendulum  be  slightly  altered  in  length,  to  find  die  num« 
ber  of  oscillations  gained  or  lost  in  a  day. 

JESUS  COLLEGE,  May  1831. 

1.  If  two  forces  acting  upon  a  point  be  represented  in  magnitude 
and  direction  by  the  two  sides  of  a  parallelogram,  the  force  which  is 
equivalent  to  them  both  will  be  represented  in  magnitude  and  direction 
by  the  diagonal. 

2.  Compare  the  power  and  weight  in  the  equilibrium  of  a  systen 
of  pullies  in  which  each  string  is  attached  to  the  weight. 

3.  When  there  is  an  equilibrium  on  the  inclined  plane  if  a  small 
motion  be  given  to  the  parts  of  the  system 

PX  P'b  velocity  ssJVxWb  velocity. 

4.  Define  the  centre  of  gravity,  and  find  it  in  any  system  of  bodies 
whatever,  considered  as  points. 

5.  When  sen  uniform  chain  is  acted  upon  by  a  centripetal  force, 
the  tension  at  any  point  varies  inversely  as  the  perpendicular  on  the 
tangent  from  the  centre  of  force :  prove  this,  and  find  the  law  of  force 
that  a  chain  may  hang  in  the  form  of  an  hyperbola,  the  centre  of  force 
being  in  the  centre  of  the  hyperbob. 

CSuFP,  P.  XL]  B 
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&    Slaletlietbfeekwftor  motion,  and  prore  die  Quid. 

7*    .The  velocity  and  motioii  of  the  centre  of  giavity  of  two  bodies 

is  not  altered  by  impact. 

8.  Find  the  timeof  oscillation  in  a  cycloid;  if  the  body  descends 
from  the  highest  point  of  the  cycloid^  what  portion  of  the  arc  wiD  it 
describe  in  -^^  th  pert  of  a  complete  osdlhition. 

9-  When  the  force  of  gravity  is  slightly  altered,  find  the  number 
of  seconds  gained  or  lost  in  a  day  by  a  second's  pendulum.  Aj^ly 
your  result  to  the  case  when  a  pendulum  is  carried  to  a  g^ven  depth 
below  the  earth's  surface,  the  force  of  gravity  varying  directly  as  the 
distance  from  its  centre. 

10.  A  uniform  beam  of  given  length  rests  between  two  planes 
inclined  at  right  angles  to  each  other ;  find  the  position  of  equilibrium j 
and  shew  whether  it  is  stable  or  unstable. 

11.  Two  equal  weights  connected  by  a  string  move  freely  on  a 
semi-circle  in  a  vertical  plane,  find  the  accelerating  force  in  any  posi* 
tion,  the  length  of  the  string  being  equal  to  the  arc  of  a  quadrant  of 
the  circle. 

12.  In  the  last  problem  supponng  the  two  bodies  begin  to  move 
from  a  position  of  equilibrium,  then  the  velocity  acquired  when  one 

of  the  bodies  amvesatthe  highest  point  ss  y  \fS*^^^Q/»  ^  ^^^^ 
the  radius  of  the  cirde. 

13.  A  weight  P  is  attached  to  the  extremity  of  an  elastic  string, 
the  other  extremity  being  fixed,  find  the  curve  on  which  P  will  rest 
in  all  positions. 


JESUS  COLLEGE,  Junk  1832. 

1.  If  two  forces  acting  perpendicularly  on  a  straight  lever,  on  the 
same  or  difierent  sides  of  the  fulcrum,  are  inversely  as  their  distances 
from  the  fulcrum,  they  will  balance  each  other. 

2.  Assuming  the  principle  of  virtual  velocities,  prove  that  a  system 
acted  on  by  gravity  and  the  reactions  of  the  surfaces  on  which  the 
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ffoMm  vm^  wtU  htYt  its  centre  of  giftTiigr  the  Ugliflii  tt  lowest 
pMible  in  the  pantm  i^  equiUbrium. 

d.    Sbeiw  bow  lo  gndoele  the  coamoa  iteelyerd. 

4  Find  the  resultant  of  any  number  of  forces  acting  in  the  same 
plane  upon  a  rigid  body. 

5,  If  a  body  aeted  on  by  a  eeostant  foroe  be  fiNjeoted  with  tlie 
velodty  ir,  and  t;  be  the  velocity  after  describing  n  giten  space  »j 
thent^— i««»2/t. 

&  In  the  direct  or  oblique  impaot  of  two  perfbdtly  elastic  bodies, 
the  sum  at  each  body  into  the  square  of  its  velocity  isihe  samebcAire 
and  after  impaet. 

7*  Let  P  be  a  point  equidistant  from  two  parallel  planes  whose 
distauce  is  {a);  x  and y  the  co-ordinates  of  a  point  Q  between  the 
planes  measured  from  P,  the  axis  of  x  being  perpendicular  to  the 
planes;  if  a  ball  be  projected  from  P  in  a  direction  making  an  angle 

{&)  with  the  planes  such  that  tan-Ogs"^^  ^"^^X^ ,  it  will  hit 

Q  after  n  reflexions;  the  positive  or  negative  sign  being  used  ac- 
cording as  the  body  is  projected  towards  the  plane  whose  co-ordinate 
is  positive  or  negative. 

!•  Find  ihe  accelerating  foroe  when  one  wei|^t  draws  another 
over  a  single  fixed  puUy»  the  inertia  of  the  pully  being  neglseted* 

9*  P  and  Q  are  two  weights  supporting  one  another  on  two 
pbmes  whose  inclinations  are  •  and  A  by  means  of  a  string  passing 
over  thmr  common  vertex:  the  greatest  and  least  values  of  Q  wiD 

,  ,  P  sin.(«  +  y)      ,  P  Bn.(«  —  7)  ^»    i      x         v  •       ^x. 

be      .    ,1 f^  and     .    ,\  , — ^  respectively,  tan.y  being  the 

coefficient  of  friction. 

10.    The  centres  of  oadllation  and  suspension  are  recipxocal. 

1 1  •    Given  one  principal  axis,  find  the  other  two. 

12.  A  uniform  chain  hanging  over  any  system  of  curves  or  tacks 
in  a  vertical  plaAe^  will  rest  when  the  extremities  sore  in  the  same 
borizontal  plane ;  prove  this  and  thence  find  the  tension  at  any  point 
of  the  common  catenary. 
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IS.  A  unifonn  beam  whose  length  ss  fta  (one  end  of  whidi  rests 
against  a  smoodi  vertical  plane)  always  touches  a  curve  whose  equation 

is  /f  V  -^  ^y  »  1,  the  axis  of  X  being  in  the  vertical  plane ; 

determine  the  motion  and  shew  that  if  F  be  the  velocity  of  the  centre 
of  gravity  of  the  beam^  v  of  the  point  of  contact  of  the  beam  and 
curve,  0  the  inclination  of  the  beam  to  thehoriaon,  v-t^  Fco8.t ;  find 
also  the  position  of  e^uilibriuBU 

]4f.  A  sphere  attracted  to  a  given  centre  df  force  viuying  as 
(Dist.)  is  projected  with  a  given  velocity  along  a  pkn&  passing 
through  that  centre;  friction  being  such  as  to  prevent  all  sliding: 
prove  that  the  path  will  be  an  ellipse,  and  find  the  vq]ocity  When  it  is 
a  circle. 


SIDNEY  SUSSEX  COLLEGE,  Mat  18S0. 

1..  Define  a  lever:  and  prove  that  if  two  equal  weights  act 
perpendicularly  on  a  straight  lever,  they  may  be  kept  in  equilibrium 
round  any  fulcrum  by  the  same  force  as  if  they  were  collected  at  the 
middle  poiut  between  them. 

2.  An  iron  bar  weighs  a  ounces  per  inch :  find  its  length  when 
a  given  weight  tv,  suspended  at  one  end,  keeps  it  in  equilifaiio  upon  a 
fulcrum  at  a  given  distance  from  the  other  end. 

3.  (1).  If  a  body  at  rest  be  acted  upon  at  the  same  instant  by 
any  number  of  forces,  which  are  represented  in  magnitude  and 
direction  by  the  sides  of  a  polygon  taken  in  order,  it  wiU  lemmn  at 
rest. 

(2).    Is  the  converse  proportion  true  ? 

4.  Let  a  given  weight  fV'ht  supported  by  two  props  AC,  BC 
upon  a  smooth  horizontal  plane  AB :  find  the  hoiiaontal  pressuies  at 
A  and  B,  which  will  prevent  the  props  from  sliding  outwards. 

5.  Explain  the  construction  of  a  system  of  pullies;^  in  which 
the  weight  of  the  puUies  increaaes  the  power  of  ihe  madune :  and, 
supposing  the  pullies  equal,  find  the  equation  of  equilibrium. 
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&  Define  the  centre  of  gravity :  and  find  it  for  any  number  of 
points  in  the  same  plane. 

7.  Let  a  unifonn  beam  be  supported  on  two  given  indined 
planes :  find  the  position  in  which  it  will  rest 

8.  Shew. under  what  condition  a  system  of  forces,  acting  any 
how  in  spaoCj  can  bare  a  single  resultant :  and  find  the  magnitude  and 
direction  of  that  resultant. 

9*  Find  the  di£ferential  expression  for  the  centre  of  gravity  of  a 
solid  of  revolution :  and  apply  it  to  a  parabolic  frustum. 

10.  Find  the  equations  to  the  oonunon  catenary. 

11.  In  the  direct  impact  of  imperfectly  elastic  bodies,  find  the 
velocities  lost  by  A  and  gained  by  B  in  the  direction  of  A'%  motion. 

12.  Find  the  direction  in  which  a  perfectly  elastic  boll  must 
move,  from  a  given  point,  so  that  it  may  return  to  the  same  point 
after  impinging  succesdvely  on  the  four  sides  of  a  rectangle :  and 
prove  that  in  its  course  it  describes  a  parallelogram. 

13.  Let  a  body  be  projected  with  a  given  velocity,  and  acce- 
lerated or  retarded  in  the  line  of  its  motion  by  an  uniform  force :  find 
the  time  in  which  it  will  describe  a  given  space. 

14.  Let  two  bodies  P  and  Q  be  connected  by  a  string  pasdng 
over  a  fixed  pulley,  and  let  P  descend :  after  P  has  described  a  given 
space  let  a  weight  w  be  removed  from  P,  leaving  the  remainder 
(P  ~  n>)  lighter  than  Q.     Trace  the  subsequent  motion. 

1.5.  Prove  that  a  projectile  describes  a  parabola?  and  find  the 
directrix,  focus,  and  latus  rectum. 

16.  Two  bodies  are  projected  from  the  same  point  with  the 
same  velocity,  so  as  to  fall  again  on  the  horiiirontal  plane  passing 
through  the  point  of  projection,  at  the  same  point ;  and  the  times 
of  fiight  are  to  each  other  as  m  :  n.  Find  the  directions  of  pro* 
jection. 

17.  Explain  the  construction  of  the  cycloid :  and  make  a  body 
oscillate  in  it. 

18.  The  length  of  the  second's  pendulum,  in  vacuo,  is 
59*1386  inches :  hence  find  the  actual  fbrce  of  gravity. 
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1^.    Let  iwo  elaktie  fa^  dsciltftte  iti  the  Same  cythlA,  on^  on 
each  side  the  vertical  line  drawn  through  the  bOlnttioh  ^Int  of  sutf« 
petiiHon :  ex|>laia  thgiir  niotioii8»  suppoaiiig  the  deawtlts  tb  h^ln 
(1).    At  the  !!athe  titnid  from  Offieteili  iiltitildeS ; 
(2)<    Atdifftit«httime!ifirointhefiaiiietftituae; 

^d.    l>efihe  frictioii;  inA  sliew  hoW  it  may  he  estimated  kj  e^^ 
periment. 
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TRINITY  COLLEOB)  IfctO. 

1.  Ths  puiui^  of  a  fluid  ngdntt  tny  wtAfie  in  a  direction 
{nrpendkitlar  lo  it»  VttiiM  M  the  Mm  of  the  lUrAm  multiiilied  into 
the  depth  of  its  centre  of  gravity  below  the  surface  of  the  iluicL 

2»  A  hoUow  done  without  a  bottom  stands  on  a  horijontal 
plane,  and  water  is  poured  in  at  tha  Tertex.  The  weight  of  the 
cone  being  given,  how  far  may  it  be  filled  so  as  not  to  run  out 
below? 

3.  What  must  be  the  magnitude  and  point  of  application  of  a 
single  force  that  will  support  a  sluice-gate  in  the  shape  of  an  inverted 
parabola? 

4.  Find  the  specific  gravity  of  a  body  Vrhich  ts  lighter  than  tite 
fluid  in  which  it  is  Weighed. 

6.  If  the  tpwific  gravity  <if  air  be  oallibd  M|  that  of  water  being 
1,  and  if  ^  b9  the  Weight  of  any  body  in  ain  and  fP'its  Wdght  in 
water>  its  weight  in  vacuo  will  ba 

6i  Three  ^Qbes  of  the  same  diameter  and  of  given  specific 
gravities,  are  placed  in  the  same  straight  line.  How  must  they  be 
disposed  that  they  may  balance  on  the  same  point  of  the  line  in  vacuo 
and  in  water  t 

7.  If  a  homogeneous  hemisphere,  floating  in  a  fluid,  be  slightly 
inclined  from  the  position  of  equilibrium ;  shew  that  the  motnent  of 
the  fluid  to  restore  it  to  that  pontion,  is  not  affected  by  placing  any 
wUBtiDQal  weight  at  tti  ottrtre. 

8.  A  Y^gukf  tetrahedimi  movei  with  its  vertex  finrwaids^  in  a 
diMetixm  ]peqpaidka)a^  to  its  bases  eompate  the  wsiBtanco  qh  the  ob^ 
lique  planed  with  that  on  the  base. 
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9.  If  the  particles  of  an  elastic  fluid  repel  each  other  with  forces 
varying  inversely  as  the  fourth  power  of  their  distances,  the  com- 
pressive force  on  any  portion  varies  as  (density)^. 

10.  Explain  the  method  of  measuring  altitudes  by  means  of  the 
barometer  and  thermometer. 

11.  Two  barometera,  whose  tubes  are  each  /  inches  long,  being 
imperfectly  filled  with  mercury,  are  observed  to  stand  at  the  heights 
A  and  A',  on  one  day,  and  k  and  A^  on  another.  Find  the  quantity  of 
air  left  in  each,  reducing  it  to  the  density  when  the  mercury  is  at  the 
standard  altitude  of  30  indies,  and  supposing  the  temperature  inva- 
riable. 

IS.  Construct  a  common  fordng  pump;  and  shew  what  is  the 
force  requisite  to  force  the  piston  down. 

1 3.  In  the  common  sucking  pump,  given  the  lowest  point  to  which 
the  piston  descends,  find  the  length  of  the  stroke  that  the  pump  may 
work. 

14.  A  cylinder  which  floats  upright  in  a  fluids  is  pressed  down 
below  the  position  of  equilibrium ;  when  it  is  left  to  itself,  find  the 
time  of  its  vertical  oscillations,  n^lecting  the  re^stance. 

15.  A  vessel  generated  by  the  revolution  of  a  portion  of  a  semi* 
hyperbola  round  its  conjugate  axis,  is  emptied  by  an  orifice  at  the 
centre  of  the  hyperbola :  find  the  time. 

16.  A  dose  vessel  is  filled  with  air  n  times  the  density  of  atmo* 
spheric  air.  A  small  orifice  being  made,  through  which  the  air  rushes 
into  a  vacuum,  find  the  time  elapsed  when  the  density  is  diminished 
one  half.  ' 

17.  A  tube  of  uniform  diameter  consists  of  two  vertical  legs  oon« 
nected  by  a  horizontal  branch.  When  it  is  made  to  revolve  with  a 
given  velocity  round  one  of  its  vertical  legs  as  an  axis,  find  the  height 
to  whidi  the  water  will  rise  in  the  other. 

18.  Let  a  spherical  body  descend  in  a  fluid  from  rest ;  having  g^ven 
the  diameter  of  the  sphere  and  its  specific  gravity  relatively  to  that  of 
the  fluid,  it  is  required  to  assign  the  time  in  which  the  sphere  descdbes 
any  given  space. 
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19*  If  tbe  density  of  a  mediiun  vary  invenely  as  the  distanoe  ftom 
a  oentrey  and  the  centripetal  force  inversely  as  any  power  of  the  Ais^ 
tance  from  the  same  centre,  a  body  may  describe  a  logarithmic  spiral 
about  that  point. 

20.  If  the  resistance  on  a  body  which  oscillates  small  arcs  in  a 
fluid  vary  as  the  n^  power  of  the  velocity,  the  difference  of  the 
arcs  of  descent  and  ascent  will  vary  as  the  n^  power  of  the  whol^ 
arc 


TRINITY  COLLEGE,  1881. 

1.  A  oivBN  cylindrical  vessel  fuD  of  water,  is  taken  to  such  a 

depth  beneath  the  earth's  surface  that  the  water  sinks  -  th  of  an  inch 

n 

round  the  edge,  find  the  distance  of  the  surface  of  the  water  from  the 

earth's  centre. 

2.  Prove  that  the  centres  of  pressure  and  of  percussion  oomcide; 
and  find  the  centre  of  pressure  of  a  trapezium,  two  of  whose  sides  are 
parallel  to  the  surface  of  the  fluid. 

5.  If  «  be  the  specific  gftavity  of  a  body,  ascertained  by  weighing 
it  in  air  and  water,  and  m  be  the  specific  gravity  of  the  air  at  the  time 
when  the  experiment  was  made ;  the  correct  specific  gravity,  or  that 
which  would  have  been  found  if  the  body  had  been  weighed  in  a 
vacuum  instead  of  air,  is  «  4-  i7i(l  ^  s). 

4.  A  square  is  immersed  in  a  fluid  whose  specific  gravity  is  to  that 

of  the  square  as  1  to  r ;  shew  that  when  one  angle  of  the  square  is 

immersed  there  vnU  be  12  different  positions  of  equilibrium  if  r  lie 

8  9 

between  —  and  —  ;  and  when  three  angles  are  immersed,  that  there 

23         24 
will  be  12  different  positions  when  r  lies  between  —  and  -^ 

5.  In  a  floating  body,  whose  transverse  section  is  the  same  from 
one  end  to  the  other,  find  the  distance  of  the  Metacentre  from  the 
centre  of  gravity  of  the  part  immersed ;  and  shew  that  the  equili- 
brium is  stable,  or  unstable,  according  as  the  metacentre  lies  above  or 
below  the  centre  of  gravity  of  the  body. 


Digitized  by  VjOOQIC 


M  AXAMlNAttoN  Papers  [IWfi. 

6.  Prove  that  the  velocity  with  whieh  a  fluid  issues  from  a  very 
small  orifice  in  tlie  bottotu  or  side  of  a  vettel  is  equal  to  that  Which 
a  heavy  body  would  acquiro  by  falling  ftom  the  l^vel  of  the  turflMse^ 
to  the  level  of  the  orifice :  and  shew  that  this  cannot  be  theoretically 
truej  unless  the  orifioe  be  indefinitely  smaU. 

7.  A  dpWd  filled  With  three  fluids  whose  specific  gravities  are  as 
3,  S  and  1^  the  lighter  resting  on  the  heavier,  and  each  of  the  same 
altitude,  empties  itself  by  a  small  orifice  in  the  bottom ;  required  the 
whole  time  of  emptying. 

8.  If  PAQ  a  dflBUlar  Mc  6f  1S0<>  moTe  in  a  resisting  medium  in 
a  direction  perpendicular  to  the  chord  PQ,  shew  that  the  resistance  on 
the  ace  is  equal  to  tha  resistaaee  on  the  triao^e  PAQ, 

g.  If  the  resistance  vary  as  the  velocity,  and  the  force  of  gravity 
be  constant,  the  times  of  describing  all  chords  of  a  circle  terminating 
In  the  extremity  of  a  vertical  diameter,  are  equal. 

10.  What  angle  must  a  ship's  course  make  with  the  direction  of 
ihe  wind,  and  what  angle  must  her  sails  Make  with  her  course,  that 
her  motion  in  a  direction  opposite  to  the  Wind  may  be  the  greatest 
possible  ? 

1 1 .  A  conical  tube  of  given  dimensions  partly  filled  with  mercury, 
has  its  broad  end  immersed  in  a  vessel  of  the  same  fluid,  find  the  alti- 
tude at  which  the  mercury  will  stand  In  the  tube. 

12.  If  gravity  vary  as  .-^i  ,  and  the  density  of  the  air  be  pro- 
portional tJto  the  compressing  fon»>  then  if  a  series  of  distanoes  be 
taken  such  that  their  inverse  (n  -^  1)^  powers  aM  in  arithmetical 
progression,  the  densities  at  those  points  will  be  in  feometric 

13.  Explain  the  constructions  of  an  air-pump  and  condenser. 

14.  A  body  oscillating  in  a  cycloid  in  a  medium  where  the  resist- 
ance is  proportional  to  the  velocity,  has  at  its  lowest  point  «  given 
velocity  ;  find  the  height  to  which  it  will  ascend. 

15.  If  the  force  vary  as  |y— and  a  body  describe  the  reciprocal 
spiral^  find  the  law  of  resistance,  density,  ftnd  ^ocity. 
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16.  A  HMHAilgttlal-  yhaml  cMtiiMng  water >  in  dmwil  along  an  hoii- 
MnUil  pkti^  by  meAiii  of  a  wei^fc  which  passes  over  a  fixed  puUej ; 
find  the  poiltidn  of  the  flttid^  and  the  pifessute  du  anjr  {mint  of  the  side 
of  theyemL 


TRIKITY  COLLEGE,  18B& 

1.  SkrtAtM  th0  HjrdftMtiitlc  )9arado3t>  and  Donstruet  Bramah's 
Hydrostatic  press. 

fi.  A  pambbldd  fllltiA  with  fluid  siaildd  upon  ilk  has^>  find  the 
jpRMMW  U^Vfttrds  agdllsl  f  til  Withee. 

8.  t{  a  plane  l)e  immersed  in  a  Iluid,  the  pressure  perpendicular  to 
its  surface  is  equal  to  the  weight  of  a  column  of  fluids  the  base  of 
Which  is  ibe  area  of  the  plane^  and  the  altitude  of  which  is  the  per« 
pendicular  depth  of  the  centre  of  gravity. 

4*  A  ptiiiMtiti  Vessel  full  of  fluids  the  section  perpendiculaf  to 
the  axis  being  an  equilateral  triangki  revolves  round  its  axis  with  an 
uniform  angular  velocity;  find  the  pressure  against  the  sides  of  the 
prism,  the  fluid  being  supposed  to  be  without  weight. 

5.  Prove  the  principle  of  virtual  velocities  in  the  case  of  the  equi« 
lihrium  of  any  number  of  forces  acting  on  the  surfaceof  an  inoom- 
presdble  fluid. 

6.  Find  the  diameter  of  the  sphere^  which  will  empty  itself  in 
the  same  time  as  a  cone^  through  an  orifice  in  its  bes6. 

7.  Shew  that  there  may  be  six  different  positions  of  equilibrium 
in  whicb  an  homogeneous  triangle  may  float  in  a  fluici,  bnc  angle  at 
least  being  immersed. 

8.  Determine  the  stability  of  a  homogeneous  rectangular  paral-i 
lelopiped,  floating  on  a  fluid,  in  a  position  slightly  inclined  from  one 
of  equilibrium. 

9.  A  BCD  is  a  rectangular  parallelogram,  of  which  the  side  AB 
is  the  greatest ;  it  is  required  to  cut  off  from  it  such  a  triangle,  by 
drawing  a  line  from  il  to  a  point  in  CD,  tbat  the  resistance  to  the 
remaining  tTapesium  moving  in  a  fluid  in  the  direction  BC  may  be  a 
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10.  Two  barometen  of  the  same  given  length  are  imperfectly 
fi]ledj  and  the  height  of  the  mercury  in  each  on  two  difierent  days  is 
obserred ;  determine  the  quantity  of  air  contained  in  each. 

1 1 .  Describe  the  construction  of  the  sucking  pump ;  find  the  hd^ 
to  which  the  water  will  rise  after  the  first  stroke^  and  the  conditions 
necessary  for  the  pump  to  work. 

12.  If  p  be  the  density^  and  p  the  pressure^  referred  to  an  unit 
of  surface^  at  any  point  of  a  fluid  which  is  solicited  by  the  forces 
X,  Y,  Z,  in  the  directions  of  three^  rectangular  co-ordinates,  prove 
that  dp^p{Xdx  +  Ydy  +  Zdz). 

IS.  From  the  last  equation  deduce  the  following  condusions :  <1) 
diat  the  surface  of  an  incompressible^  unoonfined  fluid  in  equilibrium^ 
must  be  perpendicular  to  the  resultant  of  the  forces  which  act  upon 
it ;  (2)  that  each  of  its  level  strata  must  be  homogeneous  throughout, 
but  that  the  densities  of  the  different  strata  may  be  altogether  arbi- 
trary. 

14.   If  the  compressing  force  «  (Density)    %  and  gravity  oc  jyTTl* 

determine  the  pressure  at  any  altitude,  and  the  limit  of  the  height  of 
the  atmosphere. 


TRINITY  COLLEGE,  May  1831. 

1.  What  is  the  principle  of  the  transmission  of  fluid  presstue? 
How  is  its  truth  ascertained  ? 

2.  The  pressure  of  a  fluid  downwards  against  the  sides  and  bottom 
of  any  vessel  is  the  weight  of  the  fluid  contained  in  it. 

3.  The  pressure  of  a  fluid  has  no  tendency  to  communicate  lateral 
motion  to  a  body  immersed  in  it. 

4>.  Define  the  density  and  specific  gravity  of  a  substance,  and  give 
a  method  of  determining  the  specific  gravity  of  fluids. 

5.  A  piece  of  wood  in  vacuo  weighs  2  lbs.,  and  when  connected 
with  a  piece  of  metal  (whose  weight  in  vacuo  is  3  lbs.,  and  in  water 
2|  lbs.),  the  weight  of  the  compound  mass  in  water  is  1^  lb. :  deter- 
mine the  specific  gravity  of  the  wood  and  of  the  metal. 
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6^  Detennine  the  centre  of  pressure  of  a  given  triangle  placed 
with  one  of  its  sides  perpendicular  to  the  sur&oe  of  the  fluid. 

7*  A  given  prismatic  vessel  is  filled  with  water  and  covered  with 
a  lid  moveable  about  an  edge  of  the  top  as  a  hinge.  If  a  given 
pressure  be  applied  at  an  orifice  in  the  side  of  the  vessel,  required 
the  weight  sustained  on  the  middle  of  the  lid  when  there  is  an  equi- 
librium. 

8.  Prove  the  conditions  of  equilibrium  of  a  floating  body^  and 
apply  them  to  find  those  of  a  cone. 

9*  Assuming  the  equation  of  equilibrium  of  fluids 
dp^f{Xdx+Yify+Zdz), 
determine  the  equation  of  condition  which  must  be  satisfied  for  the 
equilibrium  to  be  possible,  and  shew  that  it  obtains  when  the  fluid  is 
acted  on  by  forces  tending  to  a  fixed  centre,  which  are  any  function 
of  the  distance,  the  density  of  the  fluid  being  constant,  or  some 
function  of  the  pressure. 

10.  If  the  pressureof  the  air  vary  as  the  density,  and  the  force  of 
gravity  vary  inversely  as  the  square  of  the  distance  from  the  earth's 
centre,  find  the  density  at  a  given  height.  How  does  this  hypothesis 
diflfer  from  that  which  really  obtains  in  the  earth's  atmosphere  ? 

11.  Determine  the  pressure  referred  to  a  unit  of  surface  on  any 
point  of  an  homogeneous  and  incompressible  fluid  in  motion,  the 
motion  hexag  steady,  that  is,  always  the  same  for  every  particle  as  it 
passes  through  the  same  point  in  space.  Apply  the  general  case 
to  determine  the  pressure  on  a  plane  moving  with  a  given  velocity 
in  a  fluid  in  a  horimntal  direction,  gravity  being  the  only  impressed 
force. 

12.  Determine  the  motion  of  a  sphere  descending  in  a  fluid  by  the 
BcdoD  of  gravity,  and  the  circumstances  under  which  the  body  will, 
af^  desmbinga  small  space,  move  on  very  nearly  uniformly. 

13.  Explain  the  action  of  the  common  pump,  and  determine  the 
relation  between  the  water  raised  by  the  n^  and  (»  +  1)^  strokes  of 
the  piston.  If  the  piston  do  not  descend  to  the  fixed  sucker  at  each 
stroke,  shew  in  what  case  the  water  cannot  be  raised  into  the  barrel 
of  the  pump  at  alL 
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14.  Two  thermoinetcrg  are  diffeiendj  gradoittodj  one  of  diem 
denotes  two  particalaT  tempemtures  by  oP  and  b^,  and  the  odier  liy 
e^^  and  b'%  what  will  the  latter  indicate  when  the  former  iodicatfa 

15.  Explain  the  acdon  of  the  syphon. 


TRINITY  COLLEGE,  Junk  1832. 

I.  Statb  flome  of  the  experiments  which  prove  that  fluids  press 
equally  in  all  diieotions. 

S.  The  vertical  pressure  on  the  surface  of  a  vessel  equals  the 
weight  of  the  superincumbent  fluids  and  the  lateral  pressures  are 
eqnal  and  opposite. 

3.  When  the  particles  of  a  fluid  mass  are  acted  upon  \j  given 
forces,  find  the  equation  of  equilibrium. 

4h  Explain  what  is  meant  by  the  centre  of  pressure ;  and  when 
the  side  of  a  vessel  is  exposed  to  the  action  of  a  fluid  of  vapride 
density,  determine  its  coordinates. 

5.  State  and  explain  the  conditions  that  alio  necessary  and  soffi* 
cient  for  the  equilibrium  of  a  floating  body. 

6.  Explain  die  principle  of  the  hydrostatic  balance ;  and  when  a 
body  is  weighed  in  air  and  water,  find  its  true  weight  and  spedfio 
gravity. 

7.  Shew  how  to  determine  the  heights  of  mountains  by  means 
of  the  barometer  and  thermometer. 

8.  If  a  given  quantity  of  air  be  left  in  a  barometer,  determine 
the  true  from  the  apparent  height  of  the  mercury. 

9*  When  water  issues  out  of  a  vessel  through  a  small  orifice  in 
the  base,  explain  popuhirly  the  farm  which  the  issuing  fluid  assmnes 
a  litde  above  and  below  the  orifice. 

10.    Find  the  measure  of  die  stability  of  a  floating  body. 

II.  Explain  the  acdon  of  the  hydraulic  ram. 

12.  An  inverted  hemisphere  is  filled  with  fluid  whose  denrfty 
varies  as  the  depth,  find  the  weight  cf  the  fluid,  and  the  position  of 
the  elementary  zone  which  sustains  the  greatest  pressure. 
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15*  A  ounrent  of  tor  piooeeding  with  a  girea  velocity  beats 
against  the  suiface  of  a  hemispherical  mnbreUaj  6nd  the  force  neoes^ 
saiy  to  be  exerted  in  the  direction  of  the  axis  to  preserve  the  e^ui- 
librium^  the  direction  of  the  current  being  parallel  to  the  axis. 

14w  Find  the  position  of  a  triangular  prism  floating  in  a  fluid 
with  one  of  its  angles  immersed. 

15.  A  closed  cylindrical  vessel^  whose  depth  is  equal  to  its 
diameter,  is  ^  filled  with  fluids  and  placed  upon  an  inclined  plane  ; 
how  high  may  the  plane  be  raised,  before  the  cylinder  will  have  a 
tendency  to  roll  over  its  edge,  all  sliding  being  prevented  ? 

fit  4-  1 
lfi»    If  the  elasticity  of  the  air  varied  as  the th  power  of 

the  density,  then  would  the  height  of  the  atmosphere  be  flniCe,  and 
equal  (m  4- 1)  times  the  height  of  the  homogeneous  atmosphere 
nearly.  i 

St.  JOHN'S  COLLEGE,  1813. 

1.    A  BODY  resting  between  two  fluids  has  —  th  part  in  the  lower, 

when  it  floats  on  one  of  them  -  th  part  is  immersed.    Compare  the 

specific  gravities  of  the  fluids. 

9.  A  circle  is  just  immersed  vertically  in  a  fluid,  draw  that  chord 
from  the  lowest  point  on  which  the  pressure  shall  be  the  greatest. 

3.  A  tetrahedron  moves  in  a  fluid  with  its  vertex  foremost ;  and 
again  with  its  base  foremost    Compare  the  resistances. 

4.  The  defects  of  the  mercury  in  the  gage  of  an  air*pump,  from 
the  standard  altitude,  decrease  in  geometrical  progression. 

5.  One  nde  of  a  vessel  of  fluid  is  an  isosceles  triangle  with  its 
axis  vertical,  and  it  is  retained  in  its  place  by  fastenings  at  the 
angular  points.    Compare  the  pressures  on  them. 

6.  The  fluid  issuing  from  the  side  of  a  cylindrical  vessel  strikes 
the  hiorismtal  plane  in  the  point  C,  Compare  the  velocity  with 
which  C  moves  on  the  horisontal  plane  with  that  of  the  descending 
surface. 
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7-  In  die  last  question  shew  how  the  horuBontal  pbne  must  be 
graduated  to  form  a  depa^dnu 

8.  The  density  of  the  air  at  7  miles  altitude,  is  ^th  that  at  the 
surface.  Haying  given  the  height  of  the  mercury  in  a  barometer 
at  the  top  and  bottom  of  a  mountain,  to  determine  its  height ;  gnvity 
being  constant 

9.  A  cylinder  of  fluid  having  a  small  orifice  in  its  base,  is  attached 
by  a  string  passing  over  a  fixed  pulley,  to  a  weight  so  heavy  that  its 
motion  is  not  senidbly  afiected  by  the  weight  of  the  cylinder  of  fluid. 
Find  the  time  of  emptying. 

10.  A  hollow  cylinder  of  given  length  and  dosed  at  the  upper 
end,  is  filled  with  air ;  a  weight  bdng  attached  to  the  open  end,  it 
floats  in  a  fluid  at  a  given  depth.  Find  how  far  it  must  be  depressed 
below  the  surface  to  be  again  in  equilibrium. 

11.  The  fluid  in  a  vessel  whose  base  is  hansontai,  is  acted  on  by 
gravity,  and  also  by  a  force  tending  to  one  of  the  sides,  which  varies 
as  the  distance  from  the  base.  Find  the  curve  the  sur&oe  will 
take,  and  determine  whether  the  internal  parts  of  the  fluid  can  be 
quiescent 

12.  All  horisontal  sections  of  a  vessel  of  fluid  are  semicircles,  one 
side  is  a  vertical  plane,  down  the  whole  length  of  which  there  is  a 
narrow  aperture  of  the  form  of  an  inverted  triangle.  Find  the 
nature  of  the  plane  side,  so  that  the  vdocity  of  the  descending  suiAce 
may  vary  as  any  given  power  of  the  depth. 


St.  JOHN'S  COLLEGE,  1814. 

1.  Gnrs  a  definition  of  an  elastic  and  non-elastic  flddt  and  also 
of  the  specific  gravity  of  a  body. 

2.  The  pressure  of  a  fluid  upon  any  surface  immersed  in  It  is 
equal  to  the  weight  of  a  cylindrical  column  of  the  fluid,  whose  base 
is  the  surface  pressed,  and  altitude  the  perpendicular  depth  of  the 
centre  of  gravity  of  the  surface  pressed  below  the  surftce  of  the 
fluid.    Required  a  proof. 
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3.  A  given  rectangle  is  iinmened  verticanj  in  a  fluids  haidng  one 
ade  coincident  with  the  surface.  It  is  leqoiied  to  divide  it  bjr  a 
line  parallel  to  the  sux&oe  of  the  fluid  into  two  parts,  the  pressures 
on  which  may  he  in  a  given  latia 

4*.  A  cylinder  filled  with  water  is  placed  upon  a  wall  nine  feet 
in  height ;  at  two  feet  from  its  base  water  spouts  horiirantally  through 
a  small  orifice^  and  falls  on  a  horizontal  plane  at  the  distance  of  four- 
teen feet  from  the  wall.    Find  the  altitude  of  the  cylinder. 

$•  Having  given  the  quantity  of  air  (p)  contained  in  the  air- 
pump  at  first,  it  is  required  to  determine  after  how  many  turns  a 
given  quantity  {q)  will  be  exhausted. 

6.'  The  greatest  cylinder  that  can  be  cut  out  of  a  given  paraboloid 
when  ezoavatedy  is  filled  with  water  and  placed  with  its  axis  verticid. 
Find  the  time  in  which  it  will  empty  itself  through  a  small  given 
orifice  in  its  base. 

7.  The  altitude  of  an  homogeneous  atmosphere  at  any  point  is 
the  same  as  at  the  surface  of  the  earthy  the  temperature  being  the 
same.    Required  a  proof. 

8.  A  solid  rests  in  a  fluid,  the  density  of  which  varies  as  the 
depth*  Shew  that  at  the  depth  of  the  centre  of  gravity  of  the  body, 
the  density  of  the  fluid  is  the  same  as  that  of  the  solid. 

9.  A  piston  weighing  (p)  pounds,  closely  fitting  a  vertical  tube 
whose  length  is  (6),  diameter  ((/),  and  closed  at  the  bottom,  descends 
by  its  weight  TJie  barometer  standing  at  (a)  inches,  and  the  air 
in  the  tube  being  at  first  in  its  natural  state,  find  the  di^nce  of  the 
piston  from  the  top  of  the  cylinder  when  it  is  at  rest. 

10.  Two  vertical  cylindric  tubes  of  given  diameters  and  altitudes, 
one  of  which  is  hermetically  sealed  and  the  other  open  at  the  top, 
are  connected  by  a  third  which  is  horizontal  and  filled  with  water, 
so  that  the  air  in  the  sealed  branch  may  be  in  its  natural  state.  A 
column  of  water  6f  the  same  base  and  altitude  as  the  open  tube  being 
poured  in,  determine  the  space  through  which  it  will  descend  in 
that  branch. 

11«  '  Compare  the  quantities  of  water  discharged  in  the  same  time 
by  two  equal  isosceles  triangles  cut  in  the  side  of  a  reservoir  kept 
constantly  full;  the  one  having  its  base,  the  other  its  vertex  upwards, 
and  their  sommits  coinciding  with  the  surface  of  the  fluid. 

[SuPF.  P.  11.3  F 
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1£.  Two  Gjiinden  of  equal  dimeten  and  altitttdet  open  At  &e 
top  and  having  dieir  ades  vertical  aie  filled  with  w»tcr«  and  one  of* 
diem  is  placed  upon  the  other«  A  anall  otiilcn  being  male  in  fka 
base  of  eacb^  it  is  required  to  ascertain  the  tifloe  in  which  the  lower 
p^linder  will  he  completely  emptied. 

St.  JOHN^S  college,  1815. 

1.  ExPLATN  what  is  meant  by  apecifSc  gravity ;  and  fihew  that 
if  a  body  be  immersed  in  a  fluid  of  the  same  ipeeific  gravity  wiA 
itself,  it  will  remain  at  rest. 

2.  Prove  distinctly  that  if  a  prism,  whose  section  is  a  scalene 
triangle,  be  immersed  vertically  in  a  fluid,  the  pressure  of  the  fluid 
on  its  sides  will  not  tend  to  give  it  any  motion  of  rotation  on  it»  axis. 

3.  Determine  the  thickness  of  a  right-angled  hollow  cone  of 
copper, .  which  shall  just  float  with  its  edge  level  with  the  surface 
of  the  water,  the  specific  gravity  of  copper  being  to  that  of  water 
: :  9  M>  and  the  interior  and  exterior  surfaces  having  a  common 
base. 

4.  The  density  of  a  fluid  being  supposed  proportional  to  the  depth 
below  the  surface,  the  centre  of  gravity  of  any  solid  sustained  by  it 
will  rest  at  that  depth  where  the  density  of  the  fluid  is  eqnal  to  the 
mean  density  of  the  solid. 

5.  A  cylinder  of  ^  the  specific  gravity  of  a  fluid  is  suspended  with 
its  base  touching  the  surface.  Being  suddenly  dropped  in,  find  how 
deep  its  upper  sarfaoe  will  sink,  and  how  long  it  will  be  in  sinking. 

6.  A  barrel  exhausts  a  receiver ;  but,  owing  to  some  imperfection 
in  its  construction,  a  barrel  full  of  common  air  is  forced  back  afVer 
every  stroke.  Find  the  density  of  the  air  in  the  receiver  after  any 
number  of  strokes,  and  also  after  an  infinite  number. 

7.  Find  the  velocity  of  a  body  let  fall  fiom  any  height,  at  any 
point  of  its  motion  (neglecting  the  resistance)  ;  the  specific  gravity 
of  thebody  being  to  that  of  the  air  at  the  earth's  surface  :;  *  :  1. 

8.  Given  the  weight  of  a  bottle  when  full  i^  air,  and  when  fuU 
of  water,  the  weight  (in  air)  of  a  solid  inti^uoed  into  it,  and  the 
weight  of  the  bottle  with  the  solid  in  it,  when  filled  up  with  ^ 
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Dttennhie  lets  iba  q^fio  gravity  X^)  of  the  iolid»  neglecting  the 
weight  of  the  air;  and  tadlj,  find  the  ooixection  to  be  added  to  « 
when  this  is  taken  into  ooiiaid«ration«  the  specific  gravity  of  the  air 
at  the  tinebdng  «. 

9»  A  bgarithmio  spiial  revolves  round  an  axis  peq^dicuhu:  to 
its  plane,  and  pasdng  through  its  pole.  Compare  the  resistance  on 
the  curve  widi  the  resistance  on  its  greatest  radius  revdving  with 
the  same  angular  vdocity. 

10.  A  cylinder  with  a  small  hd)e  in  its  «de  reaves  round  a 
perpendicular-  axisj  find  the  nature  of  the  curve  which  the  jet  will, 
trace  out  on  the  plane  of  its  hase^  the  interior  (|ur£ioe  of  the  cylinder 
being  perfectly  smooth. 

11.  State  the  experiments  by  which  it  appesm  tha;t  the  air's 
density  is  proportional  to  the  .ooqipi^SBia^-fbroe,  and  then  shew  tiiat 
ihe  i^^Y^  feiee'  of  the  partides  must  be  invers^y  -^  their  dis- 
tances, 

12.  Investigate  the  oscillation  of  two  fluids  of  unequal  specific '^'^ 
gravities  ^cmtained  in  a-bent  tube  (whidi  would  balance  each  other 
when  their  common  surface  is  at  the  lowest  point  )j  the  equilibrium 
being  disturbed. 


St.  JOHN'S  COLLEGE,  Dbc.  1816. 

1.  DsviNB  a  fluid.  Shew  how  the  specific  gravity  of  a  fluid 
may  be  found :  and  find  the  specific  gravity  of  a  solid  by  weighing 
it  in  a  fluid  specifically  heavier  than  itself. 

2.  Prove  that  if  a  solid  be  immersed  in  a  fluid  whose  parts  are 
acted  on  only  by  gravity,  the  weight  lost  as  weight  of  the  fluid 
displaced. 

3.  A  spherical  vessel  is  filled  with  water,  compare  the  pvessuie 
on  its  surfisce  with  the  weight  of  the  fluid. 

4.  The  lower  end  of  a  vertical  tube,  sealed  at  top,  fa  brought  in 
ooBtact  with  the  suifSEU^  of  a  vessel  of  mercury.  Given  tbe  receiver 
and  banel  of  a  oondenser  under  which  the  ^tparatus  is  placed, 
veqniled  lihe  ascent  of  the  meicuxy  in  the  tube  at  each  successive 
strd^e  of  the  condenser. 

f2 
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5.  A  cone  whose  axis  is  vertical  floats  between  two  fldids  wboae 
specific  gravities  are  known^  and  sinks  to  the  deplh  of  half  its  axis 
in  the  heavier.     Required  its  specific  gravity. 

6.  From  the  top  of  a  hollow  glass  cylinder  closed  at  both  ends 
projects  a  small  tube  which  bends  downward.  The  qrlinder  is  made 
to  descend  vertically  in  the  sea  by  a  weight  attached  to  the  bottom 
of  it.  When  it  reaches  the  bottom,  the  weight  is  disengaged,' and 
the  cylinder  ascends.  The  quantity  of  water  in  the  cylinder  being 
cbserved,  required  the  depth  of  the  sea. 

7.  A  fluid  mass  is  attrisicted  to  two  centres  of  force,  die  fbyoe  to 
each  of  which  varies  as  the  distance.  Required  its  figure  when  in 
equilibrio. 

S.  Explain  the  construction,  and  calculate  the  force  of,  the 
hydrostatic  press. 

9.  Required  the  time  of  emptying  any  part  of  a  regular  vessel 
through  a  small  rectangular  slit  cut  in  its  side,  the  velocity  of  efflux 
being  supposed  ta  vary  as  the  \^(depth). 

10.  The  side  of  a  vessel  of  water  being  loose,  required*the  poBi« 
tion,  magnitude  and  direction  of  a  single  force  that  shall  keep  it  at 
rest,  its  figure  being  a  semi-parabola  with  its  axis  vertical. 

11.  Construct  the  common  fire..en^e,  and  shew  the  manner  in 
which  it  actSk  .  • 

12.  Find  the  time  of  libration  of  water  in  a  cydoidal  canal,  and 
shew  thai  it  is  equal  to  the  time  of  oscillation  in  the  same  cydoid* " 

St.  JOHN'S  C01.LJ:GE,  1819- 

1.  Find  the  actual  value  of  the  specific  gravity  -of  a  body  whose 
weight  and  magnitude  are  given,  in  the  scale  in  which  that  of  water 
is  unity. 

2.  If  a  solid  be  immersed  in  a  fluid,  the  whole  weight  :  weight 
lost  : :  spea&t  gravity  of  the  solid  :  specific  gravity  ci  the  fluid. 

3;  A  spherical  vessel  is  filled  with  water.  Find  the  horixontid 
section  of  the  fluid  on  whidi  the  pressure  is  the  greatest  Find  abo 
the  actual  vdlue  of  the  pressure,  the  whole  weight  d  the  fluid  being 
given. 
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•  4.  A  pacaMa  PA  Q  moves  tbrough-  a  fluid  in  the  direction  of  its 
mobRA:  PRyBQ,  are  nonnali.  Prove  that  the  resistanoe  on  the 
eurve  :  resistance,  on  base  PNQ  : :  sector  RSNT  :  triangle  RPQ, 

5, '  Shew  how  the  diameter  of  a  capillary  tube  maj  be  found  with 

great  ascuiacy. 

'  •       *  • 

6.  A  cylindrical  bucket  floats  on  a  fluid  of  the  same  specific 
gravity  as  the  materials  of  whidh  it  is  formed :  having  given  its 
lengthy  the  radii  of  the  intemal  and  external  circuniferencesy  find  the 
time  of  filling  through  a  small  given  orifice  at  its  base. 

?•  A  prismatic  vessel  stands  on  a  hbriaontal  planfe ;  it  ia  required 
to  niake  a  small  orifice  at  its  side,  so  that  the  area  of  the  parabola 
described  by  the  issuing  fluid  may  be  the  grditest  possible. 

8.  Having  given  the  altitude  of  the  mercury  in  the  gauge  of  an 
air-pump  and  the  capacities  of  the  receiver  and  barrel :  find  the 
number  of  turns. 

9.  A  conical  vessel  is  fiUed  with  a  fluid  whose  density  varies  as 
the  depth ;  the  pressure  on  the  base  being  equal  to  that  on  the  sides: 
find  the  vertical  angle. 

'  10.  In  the  last  question,  if  the  vessel  be  inverted  and  an  aperture 
made  in  the  base,  find  what  portion  of  the  fluid  will  escape. 

11.     An  elastic  fluid  whose  specific  gravity  at  the  earth's  surface 

is  -th  that  of  the  air  is  put  into  a  freely  expanrive  balloon  without 

weight ;  find  the  height  to  whidi  it  will  ascend,  supposing  the  com* 
pressing  force  on  the  air  to  vaxy  as  the  square  of  the  density,  that  of 
the  fluid  as  the  4th  power,  and  gravity  inversely  as  the  square  of  the 
distance  from  the  earth's  centre. 


St.  JOHN'S  COLLEGE,  Dec.  1821. 

1.  Djbfinb  specific  gravity,  and  from  the  definition  shew,  that 
the  wei^t  of  a  body  varies  as  its  -magnitude  and  specific  gravity 
Jointly ;  then  compare  the  specific  gravities  of  gold  and  silver,  sup* 
posing  a  cubic  bch  of  gold  to  weigh  11  ounces,  and  a  cubic  foot  of 
silver  to  wd^  9^0  pounds. 
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2.  ExplaiA  the  construction  of  a  wheel  hatometer;  and  fin*  the 
height  of  the  mercuiy  in  a  common  barometer,  supposing  the  indn 
of  the  vernier  to  he  between  29*5  and  29*6  on  the  scale^  and  die 
division  7  on  the  vernier  to  coincide  y^ith  a  division  sm  the  scsle. 

3.  A  parallelogram  and  a  triangle  of  the  same  base  and  altituA^ 
move  in  a  fluid  with  velodties  which  are  as  2  :  3.  They  are  inclined 
to  the  directions  of  their  motions  at  angles  of  45°  and  S(f  lespectivelj. 
Compare  the  resistances  cm  the  planes  in  directions  perpendicular  to 
them* 

4.  In  a  cylinder  which  is  three  fourths  filled  with  wnter^  an 
hydnmetcr  is  observed  to  rest  at  a  eertain  depth.  Supposing  the 
vessel  filled  up  with  flnid  of  three  times  the  specific  gravity  of  water^ 
with  what  weight  must  the  instrument  l?e  loaded  to  make  it  sink  to 
the  same  depth  in  the  mixture  ? 

5.  A  cylinder  has  some  fluid  in  it  Suppose  from  a  change  af 
•temperature  the  bulk  of  the  fluid  to  be  increased  an  n^  part;  what 
alteration  will  take  place  in  the  pressure  on  the  sides  and  base? 

6.  If  a  be  the  altitude  of  a  column  of  water  which  the  ur  would 
mipport^  M  the  greatest  distance  between  the  sucker  and  the  sttrCM» 
of  the  water^  the  common  pump  cannot  work  unless  the  length  of 

the  stroke  be  greater  than  •-— 

7.  In  a  clepsydra^  where  the  surface  of  the  fluid  descends  nni* 
tbrmly,  the  horlnontal  secdons  are  nmilar  parabolas.  Find  the  nature 
of  the  curve  which  is  the  locus  of  their  vertices. 

8.  A  cone  A  and  cylinder  B  of  the  same  specific  .gravity^  basej 
and  altitude^  balance  each  other  at  the  extremities  of  a  straight  lever 
when  immersed  in  a  fluid  of  given  specific  gravity.  Suj^KMng  a 
cone  equal  to  A,  cut  out  from  B,  and  its  place  supplied  by  another 
of  half  its  specific  gravity^  find  what  part  must  be  cut  off  from  A 
to  restore  the  equilibrium. 

9.  A  paraboloid  resting  on  itH  base  is  kept  constantly  filled  tHth 
fluid ;  find  at  what  point  a  very  small  orifice  must  be  made  that  tibd 
latus  rectum  of'  the  parabola  described  by  the  issuing  fluid  may  be 
half  the  latus  rectum  of  the  vessel 
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10.  Let  a  sphere  descend  in  a  fluid  from  rest ;  And  its  velodty 
•t  any  piMnt  of  its  descent^  having  ^ven  the  diameter  of  the  spherej 
and  the  ratio  of  its  specific  gravity  to  that  of  the  fluid ;  and  shew ' 
from  the  lesult^  that  very  small  bodies  descending  in  a  fluid  acquire 
(as  to  sense)  their  greatest  velocities,  af^  descending  through  a 
small  space. 

n.  The  banreb  of  an  air  pmup  communicate  with  the  receiver 
of  a  condenser  which  is  of  the  same  magnitude  aa  that  of  the  pump. 
The  density  <^  the  air  in  die  condenser  is  3  times  that  in  the  pumpi 
which  is  in  its  natund  state>  and  a  hanmieter  tube  having  the  basin 
of  mcffoufy  in  the  condenser,  has  its  upper  end,  which  is  open,  in  the 
pump.  A  piston  of  the  same  diameter  as  the  tube,  and  whose  weight 
=  the  weight  of  a  column  of  mercury  of  the  standard  altitude,  is 
placed  in  the  tube  and  suffered  to  descend ;  find  its  place  when  at 
^^^t  at  first,  and  after  2  turns,  having  given  the  standard  altitude 
(a),  the  length  of  the  tube  (4a)  and  the  ratio  of  either  receiver  to  a 
barrel  3  :  1. 

12.  ABC  is  the  side  of  a  tetrahedron  which  Is  filled  with  fluid, 
AD  is  a  perpendicular  from  the  vertex  A  on  BC }  the  part  ABD  is 
loose ;  find  the  magnitude,  point  of  application,  and  inclination  to 
the  horizon  of  a  single  force  which  will  keep  it  at  rest :  1st,  when 
the  vessel  rests  on  its  base ;  Snd,  when  it  rests  on  its  vertex  ,*  the 
base  in  each  case  being  horizontal. 

St.  JOHN'S  COLLEGE,  Dec.  1822. 

1.  Protb  that  the  perpendicular  altitudes  of  fluids  sustained  in 
different  tubes  by  the  atmospheric  pressure,  are  inversely  proportional 
to  their  specific  gravities. 

2.  Compakre  the  specific  gravities  of  two  bodies,  one  of  which 
weighs  (10) lbs.  in  vacuo,  and  the  other  (5) lbs.  in  water;  the  bulks 
of  the  two  bodies  being  respectively  48  and  72  cubic  inches^  and  the 
weight  of  a  cubic  foot  of  water  1000  ounces. 

'  3*  A  rectangular  parallelogram  b^ng  immersed  vertically  in  a 
fluid  with  one  side  coincident  with  the  upper  sorfiice  ;  it  is  required 
to  divide  it  by  a  line,  drawn  frcHn  a  j^en  point  in  this  side>.into  two 
such  parts  that  the  pressures  on  them  shall  be  equal. 
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4.  One  founli  part  of  a  cubical  lolid  of  ff.rea  dimeoaioiiBy  ^idiicli 
floats  on  the  surface  of  a  fluid  whose  spedflc  gravity  is  known,  is 
removed  by  a  section  pandlel  to  the  upper  surface,  when  it  is  found 
to  rest  with  the  part  extant  equal  to  twice  the  part  before  inunened* 
Find  the  weight  of  the  cube. 

5.  Some  air  being  lefl  in  the  tube  of  a  barometer,  the  mercuty 
stands  at  the  distance  (a^)  below  the  standard  altitude ;  but  the  basin 
being  placed  in  the  receiver  of  a  condenser,  it  is  found,  after  (n) 
turns,  to  rise  to  the  distance  (a^)  above  the  standard  altitude.  Sup^ 
posing  the  capacity  of  the  receiver  to  be  (p)  times  ds  great  as  that 
of  the  banrel  of  the  condenser,  diew  how  the  two  altitudes  of  the 
mercury  may  be  determined* 

6.  Compare  the  perpendicular  resistances  on  the  sides  of  a  wedge 
moving  uniformly  through  a  fluid  in  a  direction  perpendicular  to 
the  back,  the  sides  being  inclined  to  the  back  at  45°  and  6(f  respect* 
Ivdy.  '  • 

7>  Having  given  the  law  according  to  which  the  particles  of  an 
elastic  fluid  repel  one  another,  deterlbine  to  what  root  or  power  of 
the  density,  the  compressing  force  is  proportional. 

8.  Prove  that  the  time  in  which  a  paraboloid,  placed  with  its 
axis  vertical,  will  empty  itself  through  a  small  orifioe  in  it's  basCi 
is  to  that  in  which  the  greatest  cylinder  which  can  be  cut  out  of  the 
paraboloid  will  empty  itself  through  the  same  orifice  : :  4  V2  :  3. 

9*  Shew  how  to  And  the  quantity  of  fluid .  discharged  in  any 
assigned  time,  through  a  vertical  orifice  of  any  given  form  and  dimen- 
sions, supposing  the  vessel  to  be  always  kept  filled  up  to  the  same 
point :  and  apply  your  method  to  the  case  where  the  orifice  is 
triangular. 

10.    A  spherical  buoy  of  given  weight*  and  dimensions  fioati  on 

the  surface  of  stagnant  water^  with  -  th  part  of  its  vertical  radius 

below  the  level  of  the  surface ;  but  when  attached  to  the  bottom  of 
a  running  stream,  whose  depth  is  known,  by  a  string  i^  givenieqgdi, 
it  is  observed  to  be  just  half  immersed*  Neglecting  the  w^ght  ctf 
the  string,  it  is  required  to  determine  ftom  hence  the.  velocity  of  the 
stream* 
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St.  JOHN'S  COLLEGE,  Dec.  1823. 

1.  Prove  that  particles  at  the  same  perpendicular  depth  are 
equally  pressed. 

2.  Explain  the  phenomenon  of  intermitting  springs  on  hjdro- 
statical  principles* 

5.  If  a  spherical  vessel  is  emptied  by  a  hide  at  the  lowest  point, 
find  two  boruontal  sections,  equidistant  from  the  centre,  where  the 
velocities  of  the  descending  surface  are  in  a  given  ratio. 

4.  Given  the  weights  of  a  body  in  air,  corresponding  to  the 
heights  of  the  barometer  k  and  h*;  find  the  weight  corresponding  to 
aheii^tA^ 

^.  Air,  whatever  be  its  density,  will  rush  through  a  small  orifice 
into  a  vacuum  with  the  same  velocity. 

6.  If  an  isosceles  triangle  be  immersed  in  a  fluid  with*  its  base 
horizontal,  and  vertex  coinciding  with  the  surface  of  the  fluid,  how 
fiir  must  the  one  side  be  produced  so  that  joining  its  extremity  with 
that  of  the  other  side  the  pressure  on  the  whole  triangle  thus  formed 
may  be  double  that  on  the  isosceles  triangle  ? 

7.  If  two  holes  be  made  in  the  side  of  a  prismatical  vessel  of 
water  at  one  half  and  one  third  the  depth,  find  where  the  efiiuent 
streams  will  intersect. 

'  8.  A  cylinder  of  known  density  and  magnitude,  floats  with  its 
axis  vertical  in  a  vessel  of  water  placed  under  a  condenser;  aflter  how 
many  depreasions  of  the  piston  will  it  be  elevated  by  a  given  quan- 
tity? 

9.  At  what  angle  must  a  plane  be  inclined  to  a  fluid,  so  that  the 
excess  c€  the  resistance  in  the  direcdon  of  the  stream  above  that 
which  is  perpendicular  to  it,  may  be  a  maximum  ? 

10.  A  portion  of  the  receiver  of  an  air  pump  is  a  plane  valve 
opening  inwards  aiid  kept  in  its  place  by  a  spring  acting  with  a  pres- 
sure p,  less  than  that  of  the  atmosphere;  after  how  many  turns 
will  the  external  air  open  the  valve? 
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11.  How  much  must  the  breadth  of  a  rectangle,  revolving  in  a 
fluid  round  its  longer  side,  be  increaaed,  so  that  the  resistance  to  its 
motion  may  be  the  same  as  when  it  revolved  round  its  shorter  ade  ? 

]!^.  A  parallelopiped  with  its  sides  vertical  has  one  side  loose 
which  revolves  round  a  hinge  at  the  bottom,  and  is  kept  in  its  posL« 
tion  by  a  given  pressure  at  a  given  point ;  how  high  may  the  vessel 
be  filled  with  fluid  before  the  side  will  be  forced  open  ? 

St.  JOHN'S  COLLEGE,  May  1825. 

1.  If  asolid  be  immersed  in  mie  or  more  fluids  acted  on  by  gmvitjrj 
investigate  the  conditions  of  equilibrium. 

2.  Construct  Bramab's  press ;  and  determine  the  requisite  thick* 
ness  and  strength  of  the  cylinders  to  resist  a  pressure  of  (p)  pounds 
per  square  inch. 

3.  A  sphere  filled  with  water  is  divided  by  a  vertical  plane  into 
two  hemispheres.  Required  the  position  and  magnitude  of  the  lateral 
fooes  which  shall  just  prevent  their  sepaiation. 

4*  Explain  the  construction  and  use  of  Nicholson's  hydrometer; 
and  investigate  a  formula  by  which  it  may  serve  as  a  barometer. 

5.  Required  the  density  of  the  densest  fluid  in  which  a  paraboloid 
of  given  weight  and  magnitude  can  float  permanently  with  its  axis 
vertical. 

6.  A  mass  is  observed  to  detach  itself  from  a  floatmg  spherical 
iceberg,  which  begins  in  consequence  to  oscillate  slowly.  The  time 
of  these  oscillations  being  noted  and  the  weight  of  the  nasi  asder- 
tained,  determine  the  weight  of  the  beig. 

7.  ftove  by  theory  that  the  velocity  at  the  orifice  equal  that  doe 
to  half  its  depth.  Why  must  the  orifice  be  small  .^  Does  this  pro- 
position apply  to  the  case  of  elastic  fluids? 

.    8.    If  i'' as  time  of  emptying  an  upright  cylin^cal  vessel,  the 
quantity  discharged  in  t"  when  the  vessel  is  kept  oonstaatly  full 

equals  twice  the  content  of  the  vessel. 

9.  A  cylinder  of  fluid  is  placed  vertically  on  a  taUe  whose  alti- 
tude equals  that  of  the  cylinder.  An  orifice  is  made  iu  the  lowest 
point  through  which  the  fluid  qwuts  boriaontaUj^  and  is  raoeh^ 
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into  {»)  equal  vmels  pbned  on  the  hoiuMmtsd  {dne.    Required  the 
tatio  of  the  quantitite  dbchoiged  into  each  vesseL 

10.  A  paraboloid  of  given  dimensions  filled  with  air  has  water 
forced  into  it  till  it  is  half  fulL  Required  the  time  of  emptying 
through  an  orifice  in  the  vertex. 

]  1.  Compare  the  resistance  on  the  arc  of  a  cycloid  moving  in  the 
direction  of  its  axis  with  the  resistance  on  the  same  arc  moving  in 
the  direction  of  its  base. 

12.  Explain  the  construction  of  the  flying  bridge^  and  compare 
die  vdocity  of  the  stream  with  that  of  the  boat  when  set  at  the  best 
angle  for  crossing  the  river. 

13.  If  a  cube  of  clastic  fluid  be  compressed  into  another  cube 
whose  side  :  side  of  the  former  : :  »  ;  1 ;  compare  the  whole  pres- 
sure on  a  side  of  these  cubes. 

14.  Shew  that  the  quantities  of  air  which  inue  from  a  vessd  of 
condensed  air  into  a  vacuum  in  equal  times  decrease  in  geometric  pro- 
portion* 

15.  Explain  what  is  meant  by  an  homogeneous  atmosphere;  find 
its  height,  and  prove  it  to  be  the  same  at  all  altitudes^  gravity  being 
Jupposed  constant 

1&  Explain  the  principle  and  oonatructioii  of  the  9team«enginej 
nttd  mention  the  improvements  introduced  by  Watt. 

17*  A  cup  when  nearly  full  of  water  stands  venically ;  but  when 
a  little  inclined  the  whole  runs  out    Shew  how  this  maybe  effected. 

18.  Determine  the  conditions  of  equilibrium  in  the  screw  of 
Archimedes. 

19*  A  body  acted  ott  by  gravity  describes  a  semi-circle.  Investi- 
gate tlie  law  of  resistance  and  velocity.    {Newton,  Prop.  10.  Vol.  tl.) 

M»    Find  the  times  of  vibration  of  a  musical  string. 

St.  JOttlf'S  COLLEGE,  Dbc.  1825. 

1.  TtflB  perpendicular  altitudes  of  fluids  communicating  through 
ft  btet  tube  tary  bversdy  as  their  specific  gtavities. 
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8.  Two  masses  rf  given  8peci6c  gravities  bakaoe  wlieii  suspended 
from  the  equal  anns  of  a  lever  in  a  known  flaid  ;  what  is  the  speciic 
gravity  of  the  fluid  in  which  they  halanoe  when  one  of  the  masKS  is 
douUed? 

3.  The  velocity  of  the  water  issuing  from  an  orificej  is  three  times 
greater  than  when  the  pressure  of  the  air  is  removed  from  the  upper 
surface  of  the  fluid  ;  what  is  the  depth  of  the  orifice  ? 

4.  Explain  the  use  of  the  spirit  level,  and  find  the  correction  ia 
levelling  due  to  the  spherical  shape  of  the  earth. 

5.  A  right-angled  triangle  moves  in  a  fluid  in  a  direction  perpea- 
dicular  to  its  hypothenuse,  and  the  resistances  on  the  sides  in.  the 
direction  of  the  motion  are  as  9  :  1 ;  find  the  angles  of  the  triangle. 

&  A  vessel  full  of  fluid  in  the  form  of  a  rectangular  parallelopiped 
stands  upright  on  a  horLeontal  plane ;  where  must  an  orifice  of  given 
dimensions  he  made>  so  that  the  vessel  may  be  overturned  ?  and  what 
is  the  least  height  of  the  vessel  for  which  the  problem  is  posmble  ? 

7.  Investigate  the  figure  in  which  the  centre  of  pressure  is  situated 
at  the  depth  of  two^thirds  of  the  axis,  when  the  vertex  oomdAes  with 
the  suHace  of  the  fluid. 

8.  Compare  the  quantities  of  air  exhausted  in  ^i  turns  by  an  air 
pump  with  a  barrel  B  with  that  exhausted  in  t  turns  by  a  pump  with 
a  banel  2  B,  the  receivers  in  each  case  hieing  equal;  and  shew  that 
short  barrels  exhaust  more  rapidly  than  long  ones  of  the  same  diametar 
when  the  pistons  move  at  the  same  rate. 

9.  A  barometer  suspended  by  its  upper  extremity  firom  the  arm  of 
a  balance  will  support  a  weight  =  the  weight  of  the  tube  +  the 
weight  of  the  mercury  sustained  in  it,  nearly. 

10.  The  jet  of  a  fountain  terminates  in  a  right  cone  pien»d  with 
holes^  die  axis  of  which  is  vertical,  and  so  small  compared  with  the 
height  of  the  reservoir,  that  the  fluid  may  be  supposed  to  issue  with 
the  same  velocity ;  shew  that  the  surface  of  the  issuing  fluid  wiH  be 
bounded  by  a  similar  cone,  and  find  its  vertex. 

11.  A  cylinder  closed  at  both  ends  is  divided  into  two  unequal 
compartments  by  rectangular  planes  which  are  terminated  by  the  axis 
and  the  surface  of  the  cylinder;  if  one  of  these  planes  is  fixed -and 
the  other  which  is  of  given  weigh^  admits  of  bebg  turnedrouiid  the 
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axis  of  the  cylinder.  And  tlie  greatest  velocity  it  can  acquire  wlien  the 
two  compartments  are  filled  with  air  of  given  densities. 

Id.  Explain  what  the  Metaoentre  is,  and  find  it  in  a  cylinder 
which  floots'with  its  axis  vertical. 

St.  JOHN'S  COLLEGE,  Dec.  1886. 

1.  Dbpinjb  specific  gravity,  and  shew  how  the  specific  gravity  of 
cork  may  he  determined. 

2.  A  given  paraholic  arc  moves  in  a  fluid  in  a  direction  perpen^ 
dicular  to  its  axis.  Compare  the  resistance .  on  the  arc  with  that  on 
its  chord. 

3.  An  oUate  spheroid  filled  with  fluid,  the  density  of  which  variea 
as  the  depth,  is  placed  with  its  major  axis  verticaL  Find  that  hori.« 
sontal  section  which  sustains  the  greatest  pressure,  and  determine  also 
the  actual  pressure  on  that  section. 

4.  Ann^  part  of  a  given  cylindrical  tuhe  being  filled  with  com. 
mon  air,  find  how  much  mercury  must  be  poured  in  at  the  top  so  as 
just  to  fill  the  tube. 

5.  Given  the  degree  of  temperature  in  one  thermometer,  find: 
genezi^y  the  corresponding  degree  in  another  which  is  differently^ 
graduated. 

6.  Compare  the  resistance  on  a  semi-parabola  revolving  in  a  fluid 
round  a  tangent  at  its  vertex  with  the  resistance  when  it  revolves 
round  its  axis. 

7.  A  spherical  vessel  filled  with  fluid  revolves  round  a  diameter 
with  a  given  angular  velocity,  and  the  pressure  on  the  internal  sur« 
face  :  whole  weight  of  the  fluid  : :  »  :  1 ;  required  the  content  of 
the  vessel. 

8.  One  side  pf  a  vessel  filled  with  fluid  is  a  trapezium,  with  two 
of  its  sides  horiiontal,  and  the  remaining  two  equal.  Supposing  this 
kept  in  its  place  .by  fastenings  at  the  angular  -pmnts,  compare  the 
pressures  at  those  points. 

9-  A  paraboloid  floats  on  a  fluid  of  nine  times  its  specific  gravity, 
with  its  axis  vertical,  and  vertex  downwards.    Shew  that « when  tha 
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equilihrium  U  that  of  indifleience,  the  length  of  ihe  axis  ;  btng 
rectum  : :  3«  :  2^ 

la  Two  equal  semicycloidal  tubes  •  are  placed  with  their  axes  in 
the  same  horisontal  line^  and  their  bases  ecxincident  One  of  these 
being  filled  with  fluid  which  oscillates  in  the  tubes,  it  is  required  to 
determine  its  velocity  in  any  position,  and  also  its  maximum  value. 

11,  Compare  the  effect  produced  by  one  stroke  of  a  piston,  when 
ihe  steam  is  admitted  into  Ae  cylinder  diuing  the  whole  descent, 
with  that  which  would  be  produced  if  it  were  admitted  for  an  n^ 
part  qS  the  descent. 

IS.  A  cut  18  made  in  the  side  of  a  vessel  filled  with  fluid,  the 
density  of  which  varies  as  the  depth,  in  the  shape  of  a  triangle  with 
its  base  omnddent  with  the  sur&ce.  Supposing  this  loose,  and  to 
revolve  round  its  base  which  is  known,  find  its  altitude,  so  that  a 
given  force  applied  at  its  vertex  may  keep  it  at  rest* 


St.  JOHN'S  COLLEGE,  Dbo.  ISfig. 

1.  Thb  resultant  of  the  pressures  of  a  fluid  on  a  solid  inmiersed 
in  it,  is  equal  to  the  weight  of  the  fluid  displaced,  and  acts  upwards 
in  a  vertical  passing  through  the  centre  of  gravity  of  the  fluid  dis« 
placed. 

2.  A  ship  on  sailing  into  a  river  sinks  2  inches,  and  after  dis- 
charging 12,000lbs.  of  her  cargo  rises  one  inch ;  find  the  weight  of 
the  ship  and  cargo.     {SG  sea  water)  -r  {SG  fresh  water)  =  1*026. 

3.  Find  the  positions  of  equilibrium  of  two  equal  slender  rods 
forming  a  right  angle  floating  in  a  vertical  plane,  with  the  angle 
immersed. 

4^  Find  the  metaoentre  of  a  solid  cone :  and  also  of  a  hollow  cane 
partly  filled  with  the  fluid  in  which  it  floats. 

5.  A  hollow  vertical  prism  just  filled  with  heavy  inoompresaUe 
fluid  revolves  round  one  edge  with  a  given  angular  velocity :  find  the 
centre  of  pressure  on  the  base,  which  is  an  isosceles  right*angfed 
triangle  with  one  of  its  equal  angles  in  the  axis  of  revolution. 
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&  A  woattiereDck  ii  formed  of  hvo  unequal  nmoi  makuig  t  given 
M^  wiih  etch  oAer,  and  moveable  about  tbeir  common  inteneo* 
tkms  iuid  die  angb  between  ekher  vane  and  the  direcdon  of  the- 
wind. 

7*  Find  ike  depth  of  a  mine  by  means  of  a  barometer,  the  tern- 
pentare  being  uniform  throughout 

S.  Find  the  tension  of  the  rope^  by^hich  a  diving  bell  is  sus* 
pendedy  at  any  depth  bdow  the  suiftoe. 

9*  A  barometer  tube  filled  with  mercury,  and  closed  by  the  finger 
at  the  open  end,  is  inverted  in  a  cup  of  mercury :  determine  the 
Holkm  of  the  upper  end  of  the  meieurial  column,  after  the  finger 
is  removed. 

10*  Find  the  least  angular  velodty  of  the  moveable  board  of  a 
beUoiws,  that  will  enable  the  valve  to  open. 

11.  Find  the  terminal  velodty  of  a  ball  of  ivory  descending  in 
water. 

Diameter  of  the  ball  6  inches,  {SG  ivory)  -r  {SG  water)  =  1-825. 

12.  Determine  the  form  of  the  film  of  water  elevated  by  capiUaiy 
attraction  between  the  surfaces  of  two  convex  lenses  touching  each 
other,  and  having  the  centres  of  their  contiguous  surfades  in  the  un« . 
disturbed  surface  of  the  water. 

13.  A  thermometer  open  at  the  top,  contains  1,200  grains  of  mer. 
cury  at  32^  on  being  exposed  to  a  higher  temperature  3*12  grains  of 
mercury  are  expelled :  find  the  temperature.     The  expansion  of  mer- 
cury in  volume  from  32**  to  2l2^  being  0*018,  and  the  linear  expan-  ^ 
sion  of  glass  between  the  same  points  0*0008. 

14.  In  De  Lisle's  thermometer  the  boiling  point  is  marked  0°, 
and  the  freezing  point  150^ : 

What  degree  of  Fahrenheit's  corresponds  to  138®  of  De  Lisle's  ? 

St.  JOHN'S  COLLEGE,  May  1831. 

1.  From  the  principle  that  when  a  mass  of  fluid  is  in  equilibrium, 
its  state  of  rest  is  not  altered  by  supposing  any  portion  of  it  to  be« 
come  soUd,  deduce  the  equality  of  the  pressure  of  fluid  in  all  direc- 
tions. 
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2,  Find  the  pressure  at  any  point  in  a  mass  of  fluid,  at  xmt,  and 
acted  upon  by  gravity.  How  is  tlie  pressure  estimated,  wlien  it  is 
said  to  be  equal  to  gpz,  g  hdag  the  force  of  grayity,  z  the  depth 
below  the  surface,  and  f  the  density  ? 

S.  The  pressure  on  any  surface  immersed  in  a  fluid  is  equal  to 
the  weight  of  a  column  of  fluid  whose  base  is  equal  to  the  suiftoe 
pressed,  and  altitude  the  perpendicular  depth  of  its  centre  of  gravity. 

4.  Describe  the  common  thermometer,.,  and  shew  howit  may  be 
filled,  and  graduated.  Also  shew  how  the  scales  of  two  diflb:ently 
graduated  thermometers  may  be  compared. 

5.  Explain  the  construction  and  use  of  the  Hydrostatic  press; 
and  find  the  pressure  produced  by  a  given  force. 

6.  In  the  common  pump,  find  the  tension  of  the  rod  correspond- 
ing to  a  given  position  of  the  ascending  cdumn ;  also  find  the  height 
through  which  the  water  rises  each  time  the  piston  ascends ;  and  the 
least  range  of  the  piston  that  will  enable  the  pump  to  produce  its  full 
efiect. 

7.  Define  specific  gravity;  shew  how  to  compare  the  specific 
gravities  of  air  and  water ;  also  compare  the  specific  gravities  of  any 
solid  and  a  fluid,  by  weighing  t^e  solid  in  air,  and  in  the  fluid; 
taking  into  account  the  weight  of  the  air  displaced  by  the  solid. 

8.  Describe  Smeaton's  air  pump ;  point  out  the  advantages  of  its 
construction ;  find  the  density  of  the  air  in  the  receiver  after  any 
number  of  ascents  of  the  piston.     Explain  the  Syphon  guage. 

9.  Find  the  diflereuce  of  altitudes  of  two  stations  by  means  of  the 
barometer ;  obtain  a  formula  for  the  case  where  the  difference  is  so 
small,  that  the  variation  of  gravity  may  be  neglected. 

10.  Find  the  velocity  with  which  an  incompressible  fluid,  acted 
on  by  gravity,  issues  through  an  indefinitely  small  orifice  in  the 
vessel  containing  it ;  also  find  the  time  of  emptying  the  vesseL 

11.  Explain  what  is  meant  by  the  resistance  of  a  fluid  on  a  solid 
moving  in  it  When  a  stream  impinges  obliquely  on  a  plane,  find 
the  fioroe  with  which  the  stream  impels  the  phme,  estimated  in  die 
direction  of  the  stream,  and  in  a  direction  perpendicular  to  it. 
Find  the  resistance  on  a  solid  of  revolution  moving  in  the  direction 
of  its  axis. 
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12.  Find  the  pressure  at  any  point  in  a  mass  of  fluid  at  rest 
acted  on  by  any  forces;  and  the  relation  that  must  exist  among  the 
forces  in  order  that  the  equilibrium  may  be  possible. 

13.  Find  the  velocity  with  which  an  incompressible  fluids  acted 
on  by  gravity^  issues  through  a  finite  orifice  in  the  horizontal  base 
pf  the  vessel  in  which  it  is  contained. 


St,  JOHN'S  COLLEGE,  Dbo.  1831. 

l.  Find  that  part  of  the  pressure  of  a  fluid  on  any  surfacei  which 
acts  in  a  direction  perpendicular  to  a  g^ven  vertical  plane. 

S.  Find  the  weight  of  a  stone  which  when  tied  to  a  block  of  wood, 
will  just  cause  it  to  sink  in  water,  the  weight  of  the  wood  bdng  523 
ounces,  S,  G  wood  :  S*.  G  water  sss  0*596,  S.  G  stone  :  S.  G  water 
as  2-6. 

3.  A  piece  of  glass  appears  to  weigh  732*6  grains,  when  the  tem- 
perature of  the  air  is  0*,  and  its  pressure  equal  to  that  of  a  column 
of  mercury  30  inches  high.  How  much  will  it  appear  to  weigh,  at 
the  same  temperature,  when  the  pressure  of  the  air  is  equal  to  that 
of  a  column  of  mercury  28  inches  high  ?  The  weights  are  made  of 
platina.  S,  G platina  :  S. G  water zs21.  S,G glass  :  i9.  G water sr 2*4. 
iS'.  G  air  :  S,  G  water  sb  0*0013,  (thermometer  0^,  barometer  29*9^ 
inches). 

4.  Find  the  centre  of  pressure  of  an  equilateral  triangle  having  one 
side  vertical^  and  one  angle  in  the  surface  of  the  fluid. 

5.  Find  the  difference  between  the  vertical  pressures  on  the  inner 
and  outer  surfaces  of  a  diving  bell. 

6.  Find  the  angle  between  the  gates  of  a  lock,  when  the  pressure 
of  their  edges  against  each  other  is  a  minimum. 

?•  The  base  of  a  homogeneous  pyramid  is  an  equilateral  triangle, 
its  faces  are  isosceles  right-angled  triangles. 

(1).  Find  the  positions  in  which  it  can  float  with  its  vertex 
immersed. 

(2).  Find  the  inclination  of  its  base  to  the  surface  of  the  fluid, 
when  a  very  small  weight  is  placed  upon  one  of  the  angles 
of  its  base,  the  base  of  the  pyramid  being  originaUy  horizontal. 
CSupp.  P.  IL]  o 
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(3).  Find  the  density  of  the  heaviest  fluid  in  which  it  can 
float  permanently  with  its  hase  horizontal. 

8.  A  holbw  sphere  is  immersed  in  fluid  till  the  plane  of  the  sur* 
face  of  the  fluid  passes  through  the  centre  of  the  sphere.  And  the  place 
of  an  oriflce  such  that  the  altitude  of  the  highest  part  of  the  jet  issuing 
through  it  may  he  a  minimum. 

9.  Fluid  is  forced  into  a  vertical  hollow  cylinder  till  the  pressure 
on  its  base  is  eaual  to  twice  the  pressure  on  its  upper  end ;  the  cylinder 
is  then  made  to  revolve  round  a  vertical  aids  in  its  surface ;  find  the 
pressure  oh  the  concave  surface  of  the  cylinder. 

10.  A  copper  wire  the  diameter  of  which  is  -^  inch,  will  just 
support  191  pounds  without  breaking;  find  the  greatest  pressure  (es- 
timated by  the  pressure  on  a  square  inch)  that  can  be  applied  to  a  fluid 
contained  in :  a  hollow,  prolate  spheroid  of  copper,  the  semi-axes  of 
which  are  4  and  6  inches,  and  thickness  -^-^  inch,  without  bursting 
the  spheroid. 

11.  When  two  people  A  and  B  descend  to  the  bottom  of  a  lake, 
in  a  cylindrical  diving  bell,  the  water  within  the  bell  is  observed  to 
stand  one  inch  lower  than  when  A  alone  descends,  the  pressure  of  the 
atmosphere  is  equal  to  the  pressure  of  a  column  of  water  34  feet  high, 
the  diameter  of  the  bell  is  4  feet,  and  the  surface  of  the  water  within 
it,  at  the  bottom  of  the  lake,  is  20  feet  below  the  surface  of  the  lake ; 
find  the  volume  of  B. 

12.  Having  given  the  area  and  velocity  of  the  paddles  of  a 
steam  boat,  and  the  tension  of  a  rope  by  which  it  is  towed  at  a 
given  rate,  find  the  velocity  of  the  boat  when  propelled  by  its  pad- 
dles. 


St.  JOiFlN'S  COLLEGE,  May  1832. 

1.  Drpine  the  weight,  mass,  volume,  specific  gravity  and  density 
of  a  body,  and  find  the  relations  existing  between  them. 

2.  The  common  surface  of  two  fluids  that  do  not  mix  is  a  hori- 
2ontal  plane. 

3.  Find  the  vertical  pressure  of  a  fluid  on  any  surface. 
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4.  The  pressure  of  the  air  at  a  given  temperature  varies  Inveniely 
as  the  space  it  ooctipies. 

5.  Find  the  difference  of  the  altitudes  of  two  stations  hj  means 
of  the  harometer. 

6.  Find  the  velocity  with  which  an  incompressible  fluid  acted  on 
by  gravity  issues  through  an  Indefinitely  small  orifice  in  the  vessel 
containing  it 

7.  Find  the  force  with  which  a  stream  impels  a  plane^  Ist.  when 
the  plane  is  perpendicular  to  the  direction  of  the  stream,  and  2ndly., 
when  situated  obliquely  to  it. 

8.  Explain  the  method  of  filling  and  graduating  a  thermometer ; 
and  find  the  number  of  degrees  of  the  centigrade,  corresponding  to  60^ 
of  Fahrenheit's  thermometer. 

9.  Describe  Nicholson's  hydrometer ;  and  by  means  of  it,  compare 
the  specific  gravities  of  a  solid  and  fluid,  or  of  two  fluids. ' 

10.  Find  the  time  of  emptying  a  vessel  through  a  very  small 
orifice. 

11.  Find  the  metaoentre  of  a  oone  floating  with  its  axis  vertical. 

12.  Describe  Watt's  steam  engine. 

15.  Determine  the  pressure  at  any  point  in  a  mass  of  fluid  at  rest 
acted  on  by  any  forces. 


CAIUS  COLLEGE,  May  1880. 

1.  Definv  a  fluid,  and  explain  what  is  meant  by  the  equal  dis- 
tribution of  pressure. 

2.  The  altitudes  of  two  heavy  homogeneous  fluids  in  communis 
eating  vessels,  measured  from  their  common  surface,  are  inversely  as 
their  specific  gravities. 

3.  A  plane  area  is  immersed  in  a  heavy  fluid  in  a  position  inclined 
to  the  horizon,  find  the  coordinates  of  the  centre  of  pressure,  and 
shew  that  that  point  is  lower  than  the  centre  of  gravity. 

4.  Find  the  positions  of  equilibrium  of  a  triangular  prism  floating 
in  a  heavy  fluid. 

o  2 
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5.  Investigate  the  equation  for  the  equilibrium  of  a  fluid,  each  of 
the  molecules  of  which  are  acted  on  by  given  accelerating  fofoes: 
(what  is  to  be  inferred  if  Xdx  +  Ydy  +  Zdz  be  not  a  complete  dif- 
ferential  ?) 

6.  Determine  the  whole  pressure  on  a  paraboloid  containing  a 
heavy  fluid  revolving  uniformly  round  its  axis. 

7.  Find  the  time  of  emptying  a  vessel  through  a  very  small 
orifice^  (1)  into  vacuo^  (2)  into  another  vessel  communicating  with 
the  former  by  this  orifloe  and  having  its  base  on  a  level  with  the 
orifice. 

8.  Describe  the  hydrostatic  balance  and  the  diving  bell ;  find  the 
height  of  the  water  in  the  bell  at  a  given  depth  below  the  surface  of 
the  fluid. 

9.  Find  the  length  of  the  bydrophorous  arc  in  the  screw  of 
Archimedes. 

10.  Determine  the  resistance  on  the  surface  of  a  sphere  moving 
through  a  homogeneous  fluid. 

11.  Find  in  general  the  metacentre  and  stalnlity  of  a  floating 
body. 

12.  Investigate  a  formula  for  measuring  heists  by  the  barometer 
and  thermometer. 

13.  Determine  the  motion  of  a  heavy  fluid  through  any  orifice, 
supposing  the  sections  of  the  fluid  to  preserve  their  parallelism  while 
descending. 

14.  Find  the  time  of  the  small  oscillations  of  a  heavy  fluid  in  a 
narrow  circular  tube. 

15.  Investigate  the  equations  which  express  the  continuity  of  an 
incompressible  fluid  mass  in  motion,  and  the  permanence  of  the  density 
of  its  molecules. 


CAIUS  COLLEGE,  May  1831. 

1.    Shew  how  the  property  of  equal  distribution  of  pressure  is 
proved  to  belong  to  fluids. 
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2.  Any  horisotital  sectioii  being  made  of  a  vessel  containing 
fluid  of  variable  density;  tbe  density  throughout  that  section  is 
unifonn. 

S.  If  a  mixture  be  made  of  two  substances,  first  in  equal  quan- 
tities,  and  next  in  equal  wei^ts,  the  specific  gravities  of  the  mixtures 
may  be  found,  and  they  will  be,  in  the  first  case  an  arithmetic  mean, 
in  the  second,  a  harmonic  mean  between  the  specific  gravities  of  the 
simple  substances. 

4.  A  semicircular  tube  is  filled  with  equal  quantities  cf  fiuid  of 
given  specific  gravities ;  what  quantity  of  the  lighter  fluid  will  be  ex- 
pelled before  the  equilibrium  is  established  ? 

5.  A  vessel  in  the  shape  of  a  truncated  paraboloid  is  filled  with 
water  and  placed  on  its  two  ends  successively,  supposing  the  base  in 
each  case  to  be  moveable;  compare  the  pressures  necessary  to  be  ap» 
plied  in  each  case  to  sustain  the  base. 

6.  Determine  the  general  expressions  for  the  co-ordinates  of  the 
centre  of  pressure ;  and  apply  them  to  determine  that  point  in  a  semi* 
ellipse,  having  its  vertex  in  the  surface  of  the  fluid. 

7.  Determine  the  oonditionB  of  equilibrium  of  a  floating  body. 

8.  A  cone  of  given  dimenrions  and  weight  is  immersed  in  water, 
a  certain  small  weight  is  added ;  find  the  depth  the  cone  sinks,  and  the 
time  of  its  oscillation  when  that  weight  is  removed. 

9.  Describe  the  manner  of  ascertaining  the  specific  gravity  of  a 
solid,  by  Nicholson's  hydrometer. 

10.  Find  the  equation  to  the  surface  which  a  fluid  assumes  when 
acted  upon  by  any  forces ;  and  thence  determine  the  nature  of  the 
suriace  of  the  vrater  in  a  cylindrical  vessel  revolving  with  a  given 
angular  velocity. 

11.  The  density  of  the  air  decreases  in  geometric  proportion, 
through  equal  small  increments  of  altitude.  Show  this^  and  determine 
the  correction  for  the  variation  of  temperature. 

12.  A  hollow  cone  is  filled  with  equal  quantities  of  two  given 
iluids  which  do  not  mix;  compare  the  times  in  which  each  fluid  passes 
through  an  orifice  in  the  vertex. 
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13.  A  plane  is  inclined  to  the  direction  of  a  stream  at  an  angle  f ; 
lind  the  resistance  to  ito  motion  in  a  direction  perpendicular  to  thatof 
the  stream. 

14.  Find  the  density  of  the  air,  in  the  receiver  of  an  air  pump, 
after  a  given  number  of  turns,  by  observation  on  the  gage. 

15.  A  certain  degree  of  temperature  in  one  thermometer  is  to  be 
reduced  to  an  equivalent  degree  in  another  of  different  gcaduation  f 
Investigate  a  method  for  effecting  tliis. 

16.  Explain  the  principle  of  the  barometer,  and  investigate  an 
equation  for  determining  the  heights  of  the  mercury,  when  the  baro- 
meter is  not  entirely  free  from  air ;  the  law  of  repulsion  in  the  par- 
ticles of  air  being  —• 

17.  In  the  common  pump,  find  the  height  to  which  the  water  will 
rise  after  a  given  number  of  descents  of  the  piston. 


CAIUS  COLLEGE,  Jcnb  1832. 

1.  Find  the  general  equation  of  equilibrium  of  any  fluid. 

In  beterogeneous  fluids  shew  that  the  denrity  is  uniform  throughout 
all  surfaces  of  equal  pressure. 

Prove  that  the  resultant  of  the  forces  at  any  point  in  the  external 
surface  of  a  fluid  at  rest  is  in  the  direction  of  a  normal  at  that 
point. 

2.  If  a  vessel  contain  ally  number  of  fluids  which  do  not  mix,  the 
common  surface  of  every  two  will  be  horizontaL 

3.  Find  the  pi^essure  on  a  phme  immersed  in  a  fluid  which  is  acted 
on  only  by  gravity. 

Find  the  pressure  on  a  semi-parabola  immersed  vertically  with  the 
angular  point  coincident  with  the  surface,  and  the  axis  making  an  angle 
of  45*  with  it. 

4.  Investigate  the  conditions  of  equilibrium  when  a  body  floats  on 
a  fluid. 

If  the  body  be  piressed  downwards  through  a  vcty  toall  space  and 
then  let  go,  determine  the  motion; 
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5.  If  the  elastic  force  of  air  be  proportional  to  its  dennity,  prove 
that  the  atmosphere  must  be  of  infinite  extent. 

How  is  the  density  aftected  by  the  temperature  } 

6.  Find  the  time  in  which  a  vessel  will  be  emptied  through  a 
given  small  orifice. 

A  cone  is  filled  with  equal  weights  of  two  given  fluids  which  do 
not  mix ;  find  the  time  in  which  it  will  be  emptied  through  a  small 
orifice  in  the  vertex* 

7-     Explain  the  action  of  the  steam  engine. 

8.     Account  for  the  phenomena  of  the  trade  winds. 

9*  A  uniform  rod  vibrates  in  a  fluid  of  which  the  resistance  varies 
as  the  velocity ;  find  the  time  of  a  small  oscillation. 

10.  If  X,  y,  z,  be  the  co-ordinates  of  a  particle  in  a  mass  of  in- 
compressible fluid  at  any  time  t,  and  u,  v,  w  he  its  velocities  in  the 
direction  of  the  co-ordinates  at  that  time ;  then  if 

udx  +  vdtf  +  ^dz  ss  dp, 

Does  this  equation  occur  in  any  other  investigation  ? 

11.  If  a  column  of  air  be  confined  in  a  slender  cylindrical  tube, 
and  the  motion  of  the  particles  be  very  small,  deduce  the  equations 

V  =  F{x  -.  at)  -{-/{x  +  at),  as  =  F(x  —  at)  — /[x  +  af) 
where  x  is  the  distance  of  a  small  portion  from  a  fixed  origin  at  the 
end  of  the  time  /^  1  +  ^  its  density^  the  mean  density  being  1,  and 
the  pressure  =  a^  X  density. 

Taking  the  particular  value  «  =  jF(ar  — a/)  =  aj,  prove  that 
the  velocity  with  which  the  motion  is  propagated  is  equal  to  that 
acquired  by  fallthg  through  half  the  height  of  the  homogeneous  at- 
mosphere* 

QUEEN'S  COLLEGfe,  1825. 

1.  Compare  the  pressure  on  the  surface  of  a  sphere  filled  with 
water  with  the  weij^^  of  a  sphere  of  mercury  of  the  same  magoi^ 
tude. 
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2.  A  pieoe  of  wood  weighs  IS  lbs.,  and  when  annexed  to  20  IbB. 
of  lead  and  immersed  in  water,  the  whole  weighs  8  lbs. ;  required  the 
specific  gravity  of  the  wood,  that  of  lead  being  eleven  times  that  of 
water. 

3.  The  resistance  to  a  cube  moving  in  a  fluid  in  the  direction  of 
its  diagonal  :  resistance  to  the  same  cube  moving  in  a  direction  per- 
pendicular to  its  side  : :  1  :  tk/S. 

4.  The  orifices  in  the  equal  bases  of  two  upright  prismatic  vessels 
are  in  the  ratio  of  2  :  1,  and  the  vessels  are  emptied  in  equal  times ; 
compare  their  altitudes. 

5.  A  solid  of  revolution  whose  axis  is  perpendicular  to  the  horizon 
empties  itself  by  a  small  given  orifice  in  its  lowest  part ;  required  its 
nature,  when  the  vdodty  of  the  descending  surface  varies  inversely 
as  the  ordinate  of  the  generating  figure. 

6.  If  the  compressive  force  of  the  atmosphere  varies  as  the  loffu* 
rithm  of  the  density,  and  the  density  varies  inversely  as  the  distance; 
required  the  law  of  the  force  of  gravity. 

7»  In  a  condenser,  if  the  capacity  of  the  receiver  is  30  times 
tliat  of  the  barrel,  and  the  gage  is  60  inches  in  length ;  what  part  of 
it  will  be  left  free  from  mercury  after  20  strokes  of  the  piston  ? 

8.  It  was  observed  that  whilst  a  cylinder  of  known  dimensions 
discharged  |  rds  of  its  contents  of  water,  a  pendulum  made  125  oodl- 
lations;  required  the  length  of  the  pendulum. 


QUEEN'S  COLLEGE,  May  1831. 

1.  If  three  fluids,  whose  magnitudes  are  as  3, 4,  5,  and  sped^c 
^gravities  as  2,  3,  4,  be  mixed  together,  required  the  specific  gravity  of 

the  compound. 

2.  A  cubical  vessel  is  filled  with  fluid  of  given  specific  gravity^ 
find  the  pressure  on  its  sides. 

3.  If  a  given  hemisphere  containing  fluid  be  whirled  zoond 
its  axis  with  a  given  angular  velocity  and  acted  on  by  gravity; 
ccHnpaxe  the  pressure  on  its  surface  with  that  when  the  hemisphere  is 
at  rest. 
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4.  A  hollow  cone  of  given  density  just  floats  in  a  fluid  of  given 
specific  gravity  with  its  vertex  downwards^  find  the  thickness. 

5.  Required  the  greatest  density  of  a  fluid  in  which  a  given  cone 
will  rest  in  equilibrium  of  indiflfeience. 

6.  If  a  paraboloid  with  its  base  downwards  and  constantly  full  of 
fluid  be  bored  with  innumerable  holes  perpendicular  to  its  surfiu)e>  re« 
quired  the  surface  which  will  bound  the  issuing  fluid. 

7*  Show  that  the  small  oscillatiotis  of  a  fluid  in  a  circular  tube  are 
isochronous. 


QUEEN'S  COLLEGE,  1832. 

1 .  If  the  weights  of  two  fluids  be  40,  the  Aim  of  tHrnr  magnitudes 
15,  and  their  specific  gravities  2^  S :  required  the  magnitudes. 

2.  A  parallelogram  is  immersed  vertically  in  a  fluid  with  one  side 
coinciding  with  its  surface^  find  the  centre  of  pressure. 

3.  Determine  the  time  in  which  a  cone  filled  with  fluid  widi  iu 
axis  parallel  to  the  horizon,  will  empty  itself  through  a  small  orifice  at 
the  lowest  point  of  its  base. 

4.  A  cone  is  immersed  in  a  fluid  with  its  axis  vertical  and  vertex 
downwards;  shew  that  the  distance  of  the  metaoentre  from  the 
centre  of  gravity  of  the  displaced  fluid  varies  as  depth  of  vertex  from 
surface. 

5.  If  a  body  acted  on  by  gravity  be  prcjected  in  a  given  directioti 
and  with  a  given  velocity,  in  a  uniform  medium,  of  which  the  resistance 
varies  as  velocity,  then  the  vertical  space  fallen  through  by  the  body 
which  is  due  to  the  resistance  ot  (abs.)'  nearly. 

6.  A  hollow  triangular  prism  is  filled  widi  fluid  and  revolves  round 
tme  of  its  edges  which  is  vertical  with  the  angular  velocity  m ;  required 
the  pressure  on  each  of  its  sides. 
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CORPUS  CHRISTI  COLLEGE,  June  1852. 
third  Year. 

1.  Explain  the  meaning  and  extent  of  the  principle  whidi  is 
usually  stated  thus  :  *'  fluids  precis  equally  in  all  directimis/'  and  liaw 
is  the  principle  estaUiahed  ? 

2.  Define  the  terms  **  specific  gravity"  and  "  density." 

3.  Shew  that  the  common  surface  of  two  fluids  which  do  not  mix 
is  a  horizontal  plane. 

4.  What  mechanical  conditions  muRt  be  satisfied  that  a  solid  may 
rest  in  a  fluid ;  and  how  are  they  established  ? 

5.  How  would  you  determine  the  nature  of  the  equilibrium  of  a 
solid  floating  in  a  fluid  ?  Shew  how  the  position  of  the  metaoentre 
may  be  found.  (Be  particular  in  stating  the  kind  of  displacement  you 
are  Investigating.) 

6.  Investigate  the  general  equation  which  must  be  satisfied  that  a 
mass  of  fluids  acted  upon  by  any  forces,  may  be  in  equilibrium*  and 
shew  from  the  results  of  analysis  that  you  would  not  expect  the  at* 
mosphere  near  the  earth's  surface  to  be  at  rest 

7.  Required  the'  force  with  which  a  stream  impels  a  plane,  the 
plane  being  perpendicular  to  the  direction  of  the  stream.  State  also 
the  particular  suppositions  which  are  made  in  the  usual  theory  of  re*- 
sistances,  and  why  the  results  of  such  a  theory  and  experiment  should 
not  be.  expected  to  .coincide  very  exjictly .  I  believe  the  results  diflTer  in 
proportion  as  the  velocity  increases.  Can  you  shew  any  reason  why 
this  might  be  expected  ? 

8.  Explain  the  construction  of  the  hydraulic  ram  and  Bramah's 


9.  If  a  fluid  of  any  kind  be  moving  in  such  a  manner  that  at  the 
same  point  of  space  the  velocity  is  always  the  same  both  in  quantity 
and  direction,  and  X,  Y,  Z  are  the  forces  impressed  on  any  point 
whose  co-ordinates  are  x,  y,  z,  shew  that 


i  Xdx  +  Yd^  +  Zdz  -  vdv. 
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10.  A  given  rectangular  parallelogram  is  immersed  in  a  fluid  of 
given  specific  gravity  with  one  comer  cmncident  with  the  surface  of 
the  fluid  and  its  side  inclined  at  a  given  angle  to  the  surface ;  find  the 
position  of  the  centre  of  pressure. 

11.  A  given  paraholoid  is  floating  in  a  fluid  of  given  specific  gra« 
vity  when  the  equilibrium  is  slightly  deranged:  define  the  motion 
which  will  ensue.  (Be  particular  in  stating  tlie  exact  kind  of  motion 
you  intend  to  investigate.) 

12.  The  consideration  of  the  motion  of  a  slender  column  of 
air,  influenced  only  by  its  own  elasticity,  gives  rise  to  tlie  equation 

,     ss  a!^  —  where  v  =s  velocity  of  a  particle  at  a  distance  («)  from 

a  fixed  point  at  end  of  time  (/)•  Explain  the  nature  of  the  motion, 
and  shew  that  the  velocity  of  propagation  of  the  wave  ss  a. 

13.  By  supporiug  udx  +  vdt/  +  wdz  a  complete  differential  and 
equal  to  d^y  the  equations  for  determining  the  motion  of  a  mass  of 
fluid  assume  this  form,  viz. 

What  can  be  determined  with  regard  to  the  action  of  the  parts  of  the 
fluid  on  each  other  independently  of  any  supposition  with  r^;ard  to 
the  original  disturbance,  and  what  circumstance  of  the  motion  is 
implied  in  the  analytical  fact  that  udx  +  vdy  -f  fvdz  is  a  complete 
diflb^ential? 


St.  PETER'S  COLLEGE,  May  1831. 

1.  In  order  that  a  fluid  mass  may  be  in  perfect  equilibtium>  shew 
that  we  must  have 

dp  szfXdx  +  fYdy  +  fZdz 
and  pXrfx  +  fYdy  +  fZdz, 
a  perfect  differential  of  three  independent  variables ;    X,  Y,  Z  being 
the  accelerating  forces  acting  on  a  particle  whose  co-ordinates  arc  ar, 
g,  Zy  and  f  the  density  of  the  fluid  at  that  point. 

If  the  only  forces  are  the  mutual  attractiona  of  the  particles  ac« 
cording  to  the  law  of  gravitation,  and  oentrifugal  force,  shew  that  the 
seoond  condition  will  be  satisfied* 
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2.  If  the  density  of  the  fluid  a  depth,  find  the  pressure  upon  a 
triangukr  plane,  of  which  one  angle  is  a  right  angle,  and  the  base  of 
which  coincides  with  the  surface  of  the  fluid,  the  inclination  of  the 
plane  to  the  surface  being  0. 

Determine  B  so  that  the  vertical  pressure  may  be  a  maximum. 

S.  When  a  body  floats  in  a  fluid,  the  weight  of  the  body  equals 
that  of  the  fluid  displaced. 

4.  If  a  floating  body  be  made  to  revolve,  so  as  to  pass  successively 
through  difierent  podtions  of  equilibrium,  shew  that  those  of  staUe 
and  unstable  equilibrium  occur  alternately. 

Does  the  converse  of  this  necessarily  hold  ? 

5.  If  ti  be  the  velocity  at  a  horizontal  orifice  and  z  the  dq»th  of 
the  fluid,  prove  the  formula 


A  being  the  area  of  the  orifice,  k  that  of  the  surface  of  the  fluid,  and 
-from  j;  ss  0,  to  dP  =£  s. 


H^' 


X  hang  the  area  of  a  section  of  the  vessel  at  the  height  s» 
Wm  this  formula  hold  for  a  finite  orifice  which  is  not  horijpontal? 

6.  Determine  the  expression  for  the  resistance  on  the  edge  of  a 
plane  of  given  thickness,  and  bounded  by  a  given  curve,  in  terms  of  the 
relative  velocity  of  the  plane  and  fluid,  and  the  density  of  the  fluid. 

7.  Explain  the  action  of  the  syphon.    How  does  it  beg^n  to  act  ? 
Determine  the  accelerating  force  on  the  fluid  within  the  tube* 

8.  Shew  how  the  place  of  a  barometer  may  be  supplied  by  weighing 
a  body  of  considerable  bulk  and  small  specific  gravity. 

9.  If  a  g^ven  globe  of  very  nearly  the  same  specific  gravity  as 
water,  be  placed  in  a  stream  running  with  a  given  velocity,  determine 
its  motion. 

10.  If  a  cylindrical  vessel  containing  a  given  quantity  of  water^ 
be  drawn  up  vertically  by  means  of  a  weight  and  string  pasring  over 
a  pulleyi  determine  the  pressure  pf  the  fluid  on  the  sides  of  the  vessel. 


Digitized  by  VjOOQIC 


JeSUSftM^.I  IN   HYDROSTATICS.  93 

1 1.  Investigate  the  following  fonnula  for  finding  the  height  of  a 
mountain  by  means  of  a  barometer, 

+  «log.(l+f)}(l+f> 

where  — -  expresses  the  expansion  of  an  elastic  fluid  for  1^  of  the 

thermometer,  --—  the  condensation  of  mercury  for  each  degree,  and 

C  a  constant  quantity. 

How  may  the  constant  C  be  determined ;  and  what  correction  is 
necensary  on  account  of  die  position  of  the  place  on  the  earth's  sur- 
face? 


JESUS  COLLEGE,  June  18«2. 

1.  Howisthepressureof  a  fluid  at  a  given  point  measured?  Prove 
that  fluids  press  equally  in  all  directions— upon  what  axiom  does  this 
depend? 

2.  The  surface  of  a  fluid  at  rest  is  a  horisontal  plane. 

3.  Find  the  pressure  of  a  fluid  on  any  surface,  and  thence  find  the 
pressure  of  a  fluid  whose  density  oc  (depth)"  on  a  surface  of  revo* 
lution  whose  axis  is  vertical. 

4.  Find  the  centre  of  pressure  on  any  plane  surftce. 

5«  Shew  in  what  case  the  equilibrium  of  a  solid  in  a  fluid  is  stable 
or  unstable.    Define  the  metacentre  and  find  its  position. 

6.  Find  the  pressure  at  any  point  in  a  mass  of  fluid  at  rest,  acted 
on  by  any  forces:  and  shew  that  the  density  is  the  same  at  all  points 
of  tbesuifiioe. 

7*  Find  the  resistance  to  a  solid  of  revolution,  and  apply  it  to  find 
the  resistance  on  a  sphere. 

8.  Compare  the  specific  gravities  of  a  solid  and  fluid  by  weighing 
the  solid  in  air  and  in  the  fluid. 

g.  Explain  the  method  of  filling  a  common  thermometer,  and 
compare  the  scales  of  two  that  are  difierently  graduated. 
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10.  Find  the  least  play  of  the  piston  which  will  enable  a  conunon 
pump  to  work. 

11.  Find  the  height  of  a  mountain  bj  means  of  a  barometer  and 
thermometer. 

12.  Find  the  velocity  of  a  fluid  issuing  through  a  finite  orifice. 

SIDNEY  SUSSEX  COLLEGE,  May  1829. 

1.  Db^inb  the  specific  gravity  of  a  body :  shew  that  it  varies  di« 

rectly  as  the  weight  and  inversely  as  the  magnitude.    What  are  the 

W 

standard  weight  and  magnitude  assumed  in  the  equation  S^  jj^^ 

2.  If  a  surface  be  immersed  in  a  fluid  at  rest^  the  perpendicular 
pressure  upon  it  is  equal  to  the  weight  of  a  column  of  the  fluid,  whose 
base  is  the  area  of  the  surface,  and  altitude  the  perpendicular  depth  of 
its  centre  of  gravity. 

Example.  Let  a  hollow  sphere  be  flUed  with  water :  divide  it  by 
a  circle  parallel  to  the  horizon  into  two  parts  which  shall  be  equally 
pressed. 

3.  Find  the  positions  of  equilibrium  of  an  homogeneous  triangle, 
floating  on  a  fluid  with  one  angle  immersed. 

4.  When  a  fluid  issues  from  a  small  oriflce  in  the  bottom  or  side 
of  a  vessel,  explain  the  formation  and  eflfect  of  the  vena  oontracta. 

5.  Determine  the  relation  between  the  time  and  the  quantity  of 
fluid  issuing  from  a  vessel  through  a  vertical  orifice,  the  vessel  being 
kept  constantly  full. 

Example.  Let  the  orifice  be  a  circle,  and  the  surface  of  the  fluid 
a  tangent  to  its  upper  extremity. 

6.  If  a  plane  be  opposed  obliquely  to  a  stream,  find  the  force  of 
the  stream  in  the  direction  of  its  own  motion,  and  in  the  direction 
perpendicular  to  it. 

7.  If  a  fluid  consist  of  particles  which  repel  each  other  with  forces 
varying  inversely  as  d'^,  d  being  the  distance  between  their  centres, 
find  the  law  of  the  compressing  force  in  terms  of  d,  and  in  tern^s  of 
the  density. 
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8.  The  form  and  dimensions  of  m  diving*bell  being  given,  inves- 
tigate the  relation  between  the  depth  to  which  it  has  sunk,  and  the 
height  to  which  the  water  has  risen  within  it. 

ExAMFLE.  Let  the  bell  be  a  hemisphere  of  given  radius  (6  feet), 
and  let  the  surface  of  the  water  within  it  bisect  its  vertical 
radius ;  the  barometer  standing  at  30  inches,  find  the  depth  of  the 
water. 

9.  Explain  the  construction  and  action  of  the  fire-engine. 

10.  Let  a  given  cylindrical  rod  float  vertically  on  a  fluid,  whose 
specific  gravity  is  known :  if  the  whole  be  placed  under  the  receiver 
of  an  air-pump,  find  the  change  in  the  depth  to  which  the  rod  will 
sink  at  each  turn  of  the  handle ;  and  its  limiting  depth  when  the 
number  of  turns  is  increased  indefinitely. 

11.  Let  two  cylinders  of  given  capacities  contain  airs  of  different 
densities :  a  communication  being  opened  between  them  by  a  small 
orifice,  find  the  time  in  which  the  densities  will  become  equal. 

SIDNEY  SUSSEX  COLLEGE,  May  1830. 

1.  Dbfinb  a  fluid ;  what  is  an  incompressible,  and  what  an  elastic 
fluid  ?  explain  the  term  ''  perfect  fluidity." 

2.  Define  '^specific  gravity,"  and  show  that  in  any  substance 
the  volume  multiplied  into  the  specific  gravity,  is  equal  to  the 
weight. 

5.  When  the  particles  of  a  fluid  mass  in  equilibrium  are  acted  on 
by  any  number  of  forces,  find  an  equation  for  determining  the  pressure 
at  any  point ;  explain  accurately  how  this  pressure  is  estimated ;  and 
show  in  what  manner  the  expression  is  to  be  applied  in  finding  the 
pressure  on  any  surface  immersed  in  a  fluid. 

4.  A  hollow  sphere  is  filled  with  fluid  and  whirled  round  with  a 
given  angular  velocity,  the  particles  of  fluid  being  attracted  towards 
the  centre  of  the  sphere  by  a  force  varying  as  the  distance ;  find  the 
pressure  on  the  surface  of  the  sphere. 

5.  One  end  of  a  regular  trough  is  an  isosceles  triangle^  moveable 
about  a  hinge  at  the  vertex,  when  the  trough  is  filled  with  fluid,  find 
the  force  that  must  be  applied  at  the  centre  of  gravity  of  the  triangle 
to  keep  it  from  moving. 
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6.  Explain  the  construcdon  and  use  of  Nlehabon's  hydiometer^ 
and  give  the  method  of  determining  the  specific  gravity  of  a  hody 
lighter  than  the  fluid  in  which  it  is  weighed. 

7.  If  a  hodj  float  on  a  fluid,  the  weight  of  the  fluid  displaced  is 
equal  to  the  weight  of  the  hody,  and  the  centres  of  gravity  of  the  hody 
and  fluid  displaced  are  in  the  same  vertical  line. 

8.  If  a  vessel  be  constantly  filled  with  fluid,  and  a  very  small 
orifice  be  made  in  the  side  or  bottom  of  the  vessel,  the  velocity  of  the 
issuing  fluid  is  nearly  that  due  to  the  depth  of  the  orifice. 

9*  Find  the  time  in  which  a  given  cone  will  empty  itself  by  a 
small  orifice  at  the  vertex,  the  slant  side  being  placed  parallel  to  the 
horison. 

10.  Find  the  resistance  on  the  surface  of  a  solid  of  revdution 
moving  in  a  fluid  in  the  direction  of  its  axis.  How  is  the  hypothesis 
incorrect  on  which  the  laws  of  this  resistance  are  founded  ? 

11.  Compare  the  resistances  on  a  cone  and  paraboloid  of  equal 
bases,  moving  in  afluid  with  equal  velocities  in  the  direction  of  their 

12.  Explain  the  action  of  the  common  pump,  and  flnd  the  height 
to  which  the  water  rises  after  (n)  strokes  of  the  piston. 

IS.  Show  how  the  heights  of  mountains  may  be  determined  by 
means  of  the  barometer  and  thermometer,  and  explain  how  to  correct 
for  the  variations  in  the  latitude,  and  in  the  temperature  at  the  top 
and  bottom  of  the  mountain. 
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TRINITY  COLLEGE,  1822, 

].  If  a  pkne  mirror  be  made  to  move  in  a  conic  lectian,  io  as 
always  to  touch  it,  find  the  path  described  by  the  image  of  an  object 
placed  in  the  focus. 

2»  Parallel  rajs  may  be  made  to  oonyerge  much  more  nearly  to  ihe 
same  point  by  means  of  a  reflector  generated  by  the  revolution  of  a 
small  arc  of  a  catenary  round  its  axis,  than  by  a  spherical  reflector  of 
the  same  dimensions. 

3.  If  jF  be  the  focal  length  of  a  spherical  reflector^  or  refractor, 
and  D  ihe  distance  from  the  centre  of  a  straight  line  perpendicular 

to  its  axis,  then  the  polar  equation  of  the  image  is  r  = ■  . 

Prove  this,  and  find  the  axes  of  the  conic  section  to  which  it  be* 
longs. 

4.  If  a  ray  rf  light  be  refracted  through  any  number  of  mediums 
contained  by  parallel  plane  surfaces,  it  will  be  as  much  bent  from  its 
original  course  as  if  it  passed  immediately  out  of  the  first  medium  into 
the  last. 

5.  When  a  ray  of  homogeneal  light  is  inddent  obliquely  upon  a 
spherical  refracting  surface,  determine  the  intersection  of  the  refracted 
ray  with  the  axis  of  the  pencQ  to  which  it  belongs. 

6.  If  the  focus  of  rays  incident  on  a  convex  lens  of  inconsiderable 
thickness  be  near  its  axis,  then  the  focus  of  refracted  rays  may  be  de- 
termined from  the  formula  ^  -}"  7=^  "fa  where  d^  fy  F  denote  the 

distances  from  the  centre  of  the  lens  of  the  fixd  of  incident,  and  re- 
fracted rays,  and  of  the  principal  focus  respectively.    Prove  this,  and 
shew  how  the  formula  may  be  iq^lied  to  all  the  other  lenses. 
[SUJPF.  P.  II.]  H 
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7.  Supposing  the  sun's  rays^  after  being  refracted  by  tbe  earth's 
atmosphere^  to  pass  through  it  in  right  lines^  and  no  reflectbn  to  take 
place ;  find  the  dimensions  of  the  illumined  part  of  the  atmosphere 
which  is  opposite  to  the  sun. 

8.  The  density  of  rays  in  the  sun  s  image  formed  by  a  reflector 

area  of  the  aperture  X  reflecting  power 
^  Qbc^  length  of  the  refleetor)«        * 

9.  If  rays  be  incident  parallel  to  its  axis  on  the  plane  surface  of  a 
jdtno-ocmves  Isos,  whose  Ifaiokness  «  i,  and  radius  ■■  r ;  and  emoge 
after  two  refiractions  at  the  plane  surfisuM,  and  one  leflection  ficoni 
the  spherical;  prove  that  the  distance  of  the  gpometrleal  focus  of 

the  reflccto-refracted  rays  fiom  the  plane  surfiice  rr  -.- —  ;  where 

sin.  incidence 
sin.  refraction 

10«  Construct  Galileo's  telescope,  find  its  magnifying  power, 
its  greatest  field  of  view,  and  shew  how  it  must  be  adjusted  to  the  eye 
of  a  short  sighted-person. 

11.  Describe  the  ezperimentum  crucis,  by  which  Newton 
shewed  that  the  primary  colors  cannot  be  separated  into  others  by 
refraction* 

sin.  incidence   -  .    .  .      1        i.       , 

12.  If  n  =  -: r— :: —  Hx>m  air  into  glass  for  the  rays  of 

sm.  refraction  °  '^ 

mean  refrangibility,  and  n  ±  2n  denote  the  same  for  the  greatest 
and  least  refrangible  rays ;  also  if  f  a  angle  at  which  the  sun's  rays 
are  incident  on  an  isosceles  prism  whose  angle  =  2  a,  then  the 
angle  contained  between  the  rays  of  greatest  and  least  refraogifaility 
^  4  sin.a .  in 
""       eoS.<p 

13.  In  a  convex  lens  with  surfaces  of  equal  radii,  the  spherical 
aberration  will  exceed  the  chromatic,  if  the  semi-aperture  of  the  lens 
be  greater  than  ^  of  its  radius. 

14.  If  the  dispersive  powers  of  two  prisms  placed  one  against  the 
other  in  opposite  directions,  be  inversely  as  their  refVacting  angles;  a 
ray  of  light  incident  nearly  perpendiculaifly  on  either  prism,  and  re- 
fracted through  both  will  emerge  free  from  color. 
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15.  Explfliii  fully  the  fonnation  of  the  primtiy  and  aeeondary 
xaittbowsy  and  find  their  altitudes  and  breadths. 

16.  (1).  If  a  tangent  be  drawn  to  the  generating  circle  of  a 
cycloid  at  its  generating  pointy  and  be  taken  equal  to  the  ordi- 
nate of  the  circle  at  that  point,  prove  that  the  extremity  of  the 
tangent  will  trace  out  the  caustic  formed  by  rays  incident  on 
the  oydoid  in  a  direction  parallel  to  the  base. 

(2).  Find  the  length  of  this  caustic,  its  highest  point,  its 
pomt  of  rq;ression,  and  the  area  contained  between  the  cydoid, 
the  caustic,  and  the  reflected  ray. 

17-  The  caustic  by  refraction  of  a  plane  surface,  when  rays 
diverge  ^m  a  point,  is  the  evolute  of  an  ellipse,  or  an  hyperbola, 
according  as  the  rays  pass  from  a  denser  into  a  rarer,  or  from  a  rarer 
into  a  denser  medium. 

18.  If  the  quantity  of  light  emitted  by  any  particle  of  a  luminous 
spherical  superficies  towards  a  point  placed  within  it,  be  supposed  to 
vary  as  the  sme  of  the  angle,  which  the  emitted  rays  make  with  the 
surface :  then  the  point  will  receive  the  same  quantity  of  light, 
whatever  be  its  positionj  and  whatever  be  the  magnitude  of  the 
«uperficieSi 


TRINITY  COLLEGE,  1824. 

1.  What  are  the  two  principal  theories  which  have  been  formed 
on  the  nature  and  propagation  of  light  ?  Would  the  mathematical 
explanation  of  the  common  phenomena  of  reflected  and  refracted 
light  be  the  same  upon  both  hypotheses  ? 

2.  If  A  and  A'  be  the  distances  of  the  fioci  of  incident  and  reflected 
rays  from  the  surface  of  a  spherical  reflector,  whose  radius  is  r,  then 

1,1        2 

the  direction  of  incidence  being  nearly  perpendicular  to  the  surface. 

S.  The  rtfiectbg  curve  is  a  circle,  and  the  radiating  point  .is  the 
extremity  of  the  diameter :  to  describe  the  caustic. 

H  2 
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4.  What  is  the  angle  at  whidi  two  plBne  reflectort  moA  be 
placed  with  respect  to  eadi  other,  so  that  the  images  of  an  object 
placed  between  them  may  be  found  in  the  angles  of  an  equflatenl 
pentagon? 

5.  If  rays  are  reflected  at  the  back  of  a  plane  lodking^laas,  whoee 
thickness  is  given^  given  the  focns  of  incident  rajs,  to  find  the  focus 
of  emergent  rajs,  the  direction  of  incidence  bemg  nearly  perpendicular 
to  the  surface. 

&  Find  the  deviation  of  a  ray  passing  through  a  prism,  whose 
refracting  angle  is  inconfflderaUe. 

7*  The  conjugate  foci  in  a  spherical  re&actor  move  in  the  same 
direction  upon  the  axis  and  coincide  at  its  surface  and  centre. 

8.    Find  the  focal  length  of  a  double  convex  lens. 

9-  The  power  of  a  compound  lens  is  equal  to  the  sum  of  the 
powers  of  the  component  lenses,  the  power  of  a  lens  being  defined 
to  be  the  reciprocal  of  its  focal  length. 

10.    Find  the  focal  length  of  a  double  concave  lens  by  experiment. 

"  11.  Newton,  in  describing  the  experiment  widi  the  prism  for 
determining  the  unequal  refrangibility  of  light,  says,  that  the  image 
of  die  sun,  whilst  the  prism  was  turned,  first  descended,  and  then 
ascended,  and  for  one  position  was  stationary ;  in  that  portion,  the 
refraction  of  the  light  at  the  two  sides  of  the  refracting  angle  of  the 
prism  was  the  same :  prove  this,  and  shew  the  use  of  this  drcum* 
stance  in  the  experiment  in  question. 

12.  In  a  double  achromatic  object*^ass,  the  powers  of  the  lenses 
must  be  inversely  as  the  dispersive  powers  of  the  glass  of  whidi  thejr 
are  respectively  formed. 

13.  A  short-sighted  person  can  see  distmctly  at  the  distance  of 
six  inches :  what  must  be  the  power  of  a  lens  to  enable  him  to  see 
distinctly  at  the  distance  of  18  inches  ? 

14.  In  the  common  Astronomical  telescope,  given  the  focal  lengtha 
and  diameters  of  the  object-glass  and  eye-glass,  find  expressions  fior 
its  magnifying  power,  field  of  view,  and  for  the  brightness  of  the 
image  compared  with  that  of  the  object 

15.  Explain  the  constmction  of  the  Gregoiian  telesoope^  pod 
find  its  magnifying  power* 
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16.  The  oolouts  of  the  seoondary  nunbow  occur  in  the  invene 
Older  of  thoie  in  the  primaiy. 

!?•  Find  the  longitudmal  and  lateial  aberrationfl  of  parallel  rayi 
incident  upon  a  fpherical  refractor, 

18.  Find  the  centre  and  diameter  of  the  least  drde  of  chromatic 
aberration  in  a  lens,  and  compare  the  density  of  the  rajs  in  diftrent 
parte  of  it 

19.  Fiad,  horn  the  requisite  data,  the  time  which  an  equatoreal 
star  is  in  passing  over  the  field  of  view  of  a  Newtonian  telescope. 

SO.  A  person  sees  distinctly  in  air :  what  must  be  die  nature  and 
power  of  the  lens  which  he  must  use  in  order  to  see  distinctly  tuider- 
water? 

2K  Upon  what  phjrncal  principle  has  Newton  explained  the 
ordinary  refraction  of  light  ?  Are  the  magnitudes  of  the  forces 
which  are  requisite  in  order  to  reconcile  the  phenomena  of  refraction 
with  his  hypothesis,  any  objection  to  ite  truth  ? 

22*  State  generally  the  phenomena  of  douUe  refraction  which 
are  obsenraUe  in  crystals  with  one  axis. 


TRINITY  COLLEGE,  May  ISSU 

1.  A  SMALL  pencU  of  parallel  rays  falls  directly  on  a  concave 
spherical  mirror ;  determine  the  longitudinal  aberration  of  the  ex- 
treme ray. 

2.  In  the  direct  incidence  of  a  small  pencil  of  rays  on  a  spherical 
mirror,  QF  :  FA  : :  FA  :  Fq.  Prove  this  for  all  the  different 
cases,  and  shew  that  when  the  incident  pencil  is  convergent  to  a 
point  behind  a  concave  mirror^  the  convergence  of  the  reflected  pencil 
will  be  increased  by  a  constant  quantity4 

9.    Explain  fully  the  nature  of  vision  to  an  eye  under  water. 

4*  A  small  pencil  of  rajrs  is  refhu;ted  obliquely  at  a  plane  surface, 
if  QH  («)  be  the  axis  of  the  incident  pencil,  and  Q',  Qf',  the  foci  of 
the  refracted  pencil  in  the  primary  and  secondary  planes^  shew  that 

Q'»  =  f*«^^'   and(}"H  =  f*ii. 
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5.  In? estigate  a  formiik  fbr  tlie  veffsetiaii  of  «  pencil  of  nyi 
incident  directly  on  a  ooncaye  iplieEical  sox&oe,  giving  the  fiisl  and 
gflCCTijfl  wiF pT!  uronatiftmi 

6.  Having  obtamed  a  formula  for  tbe  refraction  of  a  pendl  of 
diveifpng  rays  proceeding  oat  of  a  raicr  into  a  denior  medinm,  bow 
ia  il  to  be  ad^^led  to  rays  proceeding  ont  of  a  denaar  into  a  nicr  I 

Exemplify  this  in  determining  q^  and  q^  the  fed  (after  the  aeeood 
refraction)  of  an  oblique  pencil  Incident  on  a  plate  with  parallel 
surfaoesj  referring  to  question  (4). 

7.  TThe  deviation  of  a  ray  of  li^t  ia  always  from  d»  refraetfag 
angle  of  a  piism^  if  it  be  denser  than  the  surrounding  medium- 

8.  Find  the  minimum  distance  of  the  conjugate  fod  Q  and  q, 
when  on  di£5»ent  sides  of  a  lens.  How  does  this  enable  us  to  deter- 
mine the  focal  length  of  a  lens  byexperiment  ? 

9.  Four  convex  lenses  having  a  common  axis  are  placed  at  in« 
tervals  m,  5m,  10m  from  each  other^  the  focal  lengths  of  each  of  the 
three  first  being  5iii,  and  of  the  last  m.  If  a  pendl  of  panUd  rays 
fall  on  the  firsts  determine  the  point  to  which  they  converge  after 
passing  through  the  system. 

10.  Diverging  rays  are  incident  directly  on  a  refracting  sphere ; 
determine  the  focus  of  refracted  rays. 

11.  State  the  experiment  by  which  Newton  shewed  that  the 
8un*s  light  consisU  of  rays  which  difier  in  lefrangilnlity  and  coloury 
and  that  each  elementary  ray  of  the  aolar  qwctrum  when  onoe 
separated  does  not  admit  of  further  separation  by  another  refraction* 
Describe  the  appearance  of  the  spectrum  when  in  its  highest  state 
of  purity. 

12.  What  is  meant  by  the  diipetsive  power  of  a  medium,  and  tbe 
irrationality  of  the  dispersions  of  di&rent  media  ^ 

13.  Determine  the  relation  between  the  Ibeal  lengths  of  two 
lenses  which  shall  achromatize  each  other,  when  plaeed  in  contact* 

14.  Explain  the  formation  of  the  rainbow,  and  why  the  ookmra 
of  the  primary  and  secondary  bow  are  in  a  reverse  order. 

15.  Describe  the  astronomical  teleacope  in  iu  aimpkft  fbntt^ 
drawing  the  course  of  the  extreme  rays.  Determine  its  field  of 
view.    How  is  a  uniformity  of  brightaess  secured  m  it  ?    Why 
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cannot  Ihat  be  effected  in  the  Galilean  constructiim,  as  uaed  in 
]»nctice? 

16.  Construct  the  Gregorian  telenop^  and  determine  its  mag- 
nifying power^  tracing  the  course  of  a  pencil  of  rays. 

17'  When  a  pencil  of  rays  paiesf  eccentrically  through  a  lsns» 
explain  the  nature  of  the  confusion  arising  from  the  di?omatic  disi- 
persion.  How  is  that  remedied  ?  Determine  the  intenrals  between 
two  lenses  of  given  focal  lengths,  so  that  the  directions  of  all  the 
partial  emergent  pencils  may  be  parallel,  the  axis  of  the  mcident 
pendl  being  parallel  to  that  of  the  lens. 

18.  What  axe  the  requisites  (respecting  the  object-gUflS  and  eye- 
jnece)  that  visbn  through  a  telescope  may  be  as  distinct  as  possible  ? 

19*  Prove  the  law  of  reflexion  of  light  on  the  theory  of  undula- 
timis. 

20.  What  is  the  principle  of  the  interference  of  rays  of  light  ^ 
How  is  the  existence  of  such  interference  demonstrated  ? 

91.  State  the  phenmnenon  of  double  refraction^  and  the  properties 
of  the  two  refracted  pencils. 


THINITY  COLLEGE,  Junjs  1832. 

1.  State  the  known  general  properties  of  light,  and  explain  the 
terms  reflexion^  refraction^  and  unequal  refrangibiiity. 

8.  Explain  the  difference  between  the  least  circle  of  aberration, 
and  the  least  circle  of  obromatic  di^rsion. 

8.  A  small  pencil  of  rays,  diverging  from  a  point  on  the  axis  of 
a  mirrofi  is  reflected  at  the  centre  of  the  mirror^  find  the  focus  of 
reflaqted  rftys ;  and  shew  that  the  conjugate  fod  are  alwi^ys  on  the 
same  side  of  the  principal  focus. 

4  Find  the  position  and  diameter  of  the  least  circle  of  aberration, 
lirhen  the  radiating  point  is  in  the  axis  of  a  given  concave  qpherical 
mirror. 

&  A  small  object  is  equidistant  from  two  ]dane  parallel  mirrors, 
fiild  the  path  of  the  »xii  of  the  $m$H  p^dH  of  mys,  by  which  an  eye 
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placed  in  a  given  positioa  between  the  minon,  can  aee  the  Aiid 
image  proceeding  from  either  side,  and  shew  that  its  length  equak 
tlie  distance  of  the  eye  itom  the  image. 

6.  In  the  direct  incidence  of  a  small  pencQ  of  ny%  upon  s 
sfriberical  refracting  sur£u»,  shew  that  the  conjugate  fed  move  in 
the  same  direction,  and  are  coincident  at  the  sur&oe  and  centre  of 
the  refractor. 

7.  A  small  pencil  of  rays  is  xefracted  oUiquely  at  a  definite  point 
on  a  spherical  surface,  find  the  distances  from  that  point  of  the  foci 
of  refracted  rays  in  the  primary  and  secondaiy  planes. 

Adapt  the  general  expresdon  for  the  primary  plane,  to  the  case 
where  the  obliquity  is  small,  but  not  wholly  inconsiderable. 

8.  When  a  centrical  pencil  of  rays  is  refracted  at  a  oontez 
spherical  surface,  find  the  aberration,  and  shew  that  there  will  be 
no  aberration  when  QA  ss  (^  -f  l)r. 

9.  If  a  small  pencil  of  rays  enters  a  lens  directly,  and  is  emergent 
af^  reflection  at  the  second  surface,  the  effect  upon  the  pencil  is 
Ihat  of  two  passages  through  the  lens  and  a  reflection  at  the  second 
surface,  the  thickness  of  the  lens  being  n^lected. 

10.  Find  the  focal  length  of  the  sphere  considered  as  a  lens. 

11.  Find  the  place  of  a  double  concave  lens  when  its  conjugate 
fod  are  given  in  position. 

12.  When  a  pencil  of  rays  passes  through  a  given  prism,  and 
both  refractions  take  place  in  die  same  plane,  and  very  hear  to  the 
refracting  angle,  the  emergent  rays  will  diverge  accurately  from  a 
point,  if  the  angles  of  incidence  and  emergence  be  equaL 

13.  Investigate  an  expresnon  for  the  dispersive  power  of  a 
medium,  and  find  the  condition  requisite,  ^that  two  prisms  placed 
contiguously  widi  small  refracting  angles  may  achramatise  eadi 
other. 

14  Find  the  direction  under  which  a  small  pencil  of  rays  most 
enter  a  sphere  of  water,  in  order  that  the  rays  in  the  primary  plane 
may  emerge  parallel  after  {p)  reflections  within  the  drop. 

15.  Explain  the  formation  of  the  rainbow,  and  find  the  altitlide 
(yf  its  highest  point,  and  the  breadth  of  the  coloursi 

Digitized  by  VjOOQIC 


Si»  John's,  1816*]  IN  oFtiGB.  106 

16.  Find  the  magnifying  power  of  a  flimple  miiaMeope,  whose 
ftcal  kngth  is  -^  inch,  and  its  distance  fiom  the  ^e  ^  indi,  the 
least  distance  of  distinct  vision  being  12  inches. 

17*  Describe  the  Newtonian  telescope,  and  find  its  magnifjing 
power  and  field  of  view* 

How  must  this  telescope  be  adjusted  to  the  eye  of  a  short-dghted 
person? 

18.  In  the  undulatory  theory,  explain  the  terms,  wave,  length 
of  a  wave,  phase  of  a  wave,  and  front  of  a  wave,  and  state  the  prin« 
dple  by  which  the  disturbing  effect  of  a  wave  may  be  calculated. 

19-    Explain  the  refraction  of  light  on  the  undulatory  theory. 

20.  State  the  principal  phenomena  of  polariaed  light,  and  the 
hypothesis  suggested  for  their  explanation. 


St.  JOHN'S  COLLEGE,  1815. 

1.  Explain  the  experiment  by  which  it  appears  that  the  sine  of 
incidence  :  sin.  refraction  in  a  given  ratio. 

2.  The  distance  of  P  from  the  circumference  of  a  polished  circle 
is  equal  to  that  of  Q  from  its  centre.  If  PABQ  be  the  course  of 
a  xay  reflected  at  A  and  B,  then 

AB^AP:  AB-^BCl::  BQlAP. 

3.  A  v^  small  polished  angular  solid  recaves  upon  two  of  its 
adjacent  planes  respectively  the  light  of  two  candles,  so  ritnated  as 
both  to  become  visible  at  once  by  reflection  to  an*  eye  placed  at  a 
considerable  distance.  The  angle  contained  between  the  reflecting 
planes  is  equal  to  half  the  angle  between  the  directions  of  the  inci« 
dent  rays. 

4.  A  speck  in  the  middle  of  the  back  of  an  isosceles  prism  will 
appear  double  to  an  eye  placed  dose  to  its  edge.  Suppose  the  angle 
which  the  two  images  so  seen  subtend,  at  the  eye,  to  be  a  right 
angle,  determine  the  angle  of  the  prism,  and  shew  that  the  supposi* 
tiott  is  impossible,  unless  sin.  inc.  :  sin.  rrf.  in  a  greater  ratio  than 
8  +  12  'V/S  :  1  •  out  of  air  into  the  prism. 
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5.  A  ray  of  Ught  emitted  from  a  luminoug  point  reaches  the  eye 
after  fefleotion  at  a  convex  poliahed  lurface.  The  pedtion  of  the 
eye  and  radiant  point  being  given^  provoj  by  a  property  of  the  eUipWj 
that  the  path  described  by  the  ray  is  the  shortest  which  could  be 
passed  over  by  a  body,  so  as  to  reach  the  eye  after  meeting  the  sur- 
face. Explain  why  this  is  not  universally  true  in  the  case  of  a 
concave  surface. 

6.  A  book,  laid  horizontally  on  a  table,  is  illuminated  by  a 
candle  placed  at  a  certain  distance  from  it.  As  the  candle  bums 
equably  down,  determine  at  what  height  of  its  flame  the  illumination 
of  the  page  will  be  the  greatest. 

7.  A  parabolic  reflector  is  employed  to  view  near  objects.  Prove 
that  the  aberration  of  extreme  rays  =  — ~^S ' 

the  distance  of  the  object  from  the  focus;  and  determine  whether 
the  focus  of  extreme  rays  will  be  nearer  to  or  further  from  the 
vertex  than  that  of  central  rays. 

8.  When  a  prism,  not  very  acute-angled,  is  laid  on  ite  base  before 
an  open  window  and  the  eye  is  situated  at  a  proper  an^  of  elevation 
above  the  base,  a  circular  how  of  a  blue  oolopr,  concave  tovraids  the 
eye,  is  seen  in  the  base,  forming  the  boundary  of  light  and  darkness. 
Explain  the  cause  of  thb  phenomenon. 

9.  Find  the  focal  length  of  a  lens  whose  thlcknev  is  not  ii|0(m«> 
siderable,  and  shew  that  if  -B,  r,  be  the  radii  of  the  first  and  second 

surface,  i  ^  ^^^"^,  and  1  +  f4  :  1  : :  sin.  inc.  :  no*  ref.,  the 
foaa  length  will  b.  (~^) '#-;' ^  + /(i  ,  ,)>  »*  *^ 
distance  between  the  focal  centres  e=  (iJ  +  r) .  ^— — (T^ZTS '  '* 

10.  A  spectator  at  sun-set  sees  a  rainbow  from  the  top  of  a  very 
high  mountain,  and  observes  that  it  exceeds  a  semi-drcle  by  a  certain 
arc.     How  may  the  height  of  his  station  be  determined  ? 

11.  A  ray  of  light  is  incident  on  a  phme.  Given  the  oqqation 
of  the  plane,  and  also  that  of  the  line  ^escribed  by  the  XKf  befiire 
incidence,  it  is  required  to  determine  the  equation  of  -tbe  iigr  i  U^ 
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after  rdbelmi;  lindly^  after  refraction  at  tha  plane.    In  the  latter 
eaae  apply  your  remit  to  find  the  cau«tio  surfaoe  of  a  plane. 

12.  Shew  that  the  deviation  of  a  ray  refneted  through  a  prim 
denser  than  the  mirroonding  medium  is  towards  the  thicker  part  of 
the  prism. 

IS.  Describe  the  phenomenon  of  douUe  refraettooj  and  the  law 
which  the  extraordinary  ray  observes. 

14*  Given  the  positions  of  a  radiant  point,  and  the  eye,  in  a  line 
oeariy  perpendicular  to  the  side  of  a  very  acute^angled  prism ;  deter* 
mine  the  course  of  a  ny  which  shall  reach  the  eye  after  refraction. 

8t,  JOHN'S  COLLEGE,  Dbo.  1816. 

1.  Djbfini  the  geometrical  focus  of  a  pencil  of  rays ;  and  d&ew, 
that  in  the  case  of  a  spherical  reflector  that  point  is  farther  from  its 
surface  than  the  intersection  of  any  oblique  reflected  ray  with  the 
axis  of  the  pencil. 

2.  Shew  that  if  an  object  be  viewed  through  a  medium  con^ 
tained  by  parallel  plane  surfaces,  the  aberration  of  oblique  rays  from 
the  geometrical  focus  is  less  than  when  the  rays  are  refracted  at  a 
single  surface. 

3.  If  two  equal  and  parallel  pieces  of  mirror-glass  containing  a 
thin  plate  of  air  between  them  be  closely  united  and  immersed  in  a 
vend  of  water,  an  object  at  the  bottom  can  he  plainly  seen  through 
them,  until  the  angle  at  which  they  are  inclined  to  the  surface  be- 
comes conaderable,  after  which  the  object  cannot  be  seen.  Required 
an  eiqplanation  of  this  phenomenon. 

4p.  If  rays  fall  nearly  perpendicularly  on  a  spherical  reffau^g  sur« 
face,  shew  that  QF  vAfq  are  always  measured  in  opposite  directions 
fitom  F  and/. 

5.  Find  the  fi)cal  length  of  a  meniscus  of  small  thickness,  and 
shew  that  it  is  not  altered  by  inclining  the  incident  pencil  a  little  to 
the  axis  of  the  lens. 

6.  A  circle  is  immersed  vertically  in  water.  Required  the  figure 
and  dimensions  of  the  image.  Find  the  iame  whenit  is  seen  through 
%  mediom  contained  by  parallel  plane  anrfaeen. 
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7-  Conqpare  the  burning  powenof  a  spherical  reflector  and  dooUe 
convex  lens  of  equal  aperture,  the  radii  of  whose  surfaoea  are  equal 
and  double  that  of  the  reflector,  the  reflecting  power  of  the  one  and 
transmitting  power  of  the  other  being  aipposed  equal. 

8.  Explain  the  construction  and  effect  of  the  multiplying  glass. 

9.  Point  out  the  respective  advantages  of  Galileo's  and  the  cam* 
mon  astronomical  telescope,  and  find  where  the  eye  must  be  plaoed 
90  that  the  field  of  view  in  the  latter  may  be  greatest 

10.  Investigate  the  form  pf  the  surface  that  shall  accurately 
reflect  parallel  rays. 

11.  Find  the  least  circle  into  which  a  pencil  of  rays  reflected  by 

a  spherical  surftce  is  coUected,  and  shew  that  when  the  incident  rays 

%i  1  t        •■.       J.  t .     .   1         (semi-aperture)  ^ 
aire  parallel  the  radius  of  this  caurde  a    ^^  .j  Lp^t.  w 

12.  The  reflecting  curve  is  the  common  parabola,  rays  inodent 
parallel  to  the  ordinates ;  find  the  nature  of  the  caustic^  the  density 
of  rays  in  different  points,  and  its  length  for  any  portion  of  the  para* 
bola. 

St.  JOHN'S  COLLEGE,  Dbc.  1821. 

1.  Shbw  that  it  is  not  necessary  to  constant  vision,  that  rays  of 
light  should  consist  of  contiguous  particles. 

S.  Explain  the  principle  and  construction  of  a  common  opera 
glass. 

3.  Two  paralleJ  rays  are  incident  on  a  spherical  reflector  on  the 
same  side  of  the  axb ;  shew  that  the  angle  between  the  reflected  rays 
is  equal  to  twice  the  difference  between  the  angles  of  incidence. 

4.  The  distance  at  which  a  short-sighted  person  can  see  distinctly 
is  S  feet  He  has  a  double  concave  lens,  whose  focal  length  is  3  feet 
WiU  this  enable  him  to  see  an  object  at  the  distance  of  12  feet  ?  if 
not,'find  the  nature  and  focal  length  of  a  lens,  which  placed  between 
bis  eye  and  the  former  glass  will  be  sufficient  for  that  purpose. 

5.  When  a  small  pencil  of  homogeneal  rays  falls  obliquely  upon  a 
plane  refractmg  surface,  and  in  a  plane  whidi  h  perp^dicular  totbal 
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jur&ce,  haying  given  the  focus  of  inddent  raytf,  and  the  angles  of 
inddenoe  and  refnustion,  find  the  geometrical  focus  of  refracted  rays. 

6.  ABC  is  an  equilateral  triangle^  PQESTFite  course  of  a 
ray  refracted  at  Q  and  7,  and  reflected  at  R  and  S,  The  angle  of 
incidence  of  PQ  is  15^ ;  find  the  ratio  of  sin*  /:  sin.  J?^  that  the 
incident  and  emergent  rays  may  he  inclined  at  an  angle  of  8CP,  and 
shew  that  in  that  case  QJllST  cannot  be  greater  than  2  AB,  nor  less 
than  iiB  at  whatever  point  in  ilB  the  ray  is  incident. 

7*  A  and  B  are  two  fixed  points^  and  CD  is  a  ]Jane  reflector 
which  moves  parallel  to  itself.  A  ray  of  light  proceeding  from  A  is 
reflected  to  B  in  every  position  of  the  reflector ;  find  the  locus  of  the 
points  of  incidence. 

S,  When  diverging  rays  are  incident  on  a  rarer  medium  contained 
by  parallel  plane  surfaces,  the  geometrical  focus  is  farther  from  the 
surfiioe  than  the  focus  of  incident  rays. 

9.  BAD,  BCE  are  two  plane  reflectors  inclined  to  each  other  at 
an  angle  of  \5\  il  is  a  given  luminous  point  in  one  of  them.  Find 
at  what  angle  a  ray  proceeding  from  A  must  be  incident  on  the  other 
reflector,  that  after  S  reflections  it  may  be  parallel  to  BA ;  and  if 
ACDE  be  a  small  pencil^  compare  the  densities  at  C,  D,  E,  sup- 
posbg  no  light  absorbed  by  the  reflectors. 

10.  Construct  a  Newtonian  telescope,  and  determine  the  field  of 
view. 

11.  If  parallel  rays  be  incident  on  a  spherical  reflector,  whose 
aperture  is  small,  prove  that  the  longitudinal  aberration  varies  as  the 
•square,  and  the  lateral  aberration  as  the  cube  of  the  diameter  of  the 
aperture. 

IS.  In  die  experiment  where  Newton  shews  that  the  Sun's  light 
consists  of  rays  diflfering  in  refrangibOity  and  colour,  prove  that  when 
the  qpeftrum  appears  stationary,  the  angles  of  refraction  at  eadi  side 
of  the  prism  are  equal. 

St,  JOHN'S  COLLEGE,  Dbc.  1822. 

1.  A  Gommx  lens  increases  the  oonvergency  and  diminishes  tKe 
divergency  of  the  ra3rs  of  any  pencil  incident  upon  it. 
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2.  A  my  of  light  issuing  from  a  pomt  between  two  plane  re* 
fiectors,  and  falling  on  one  of  them  at  a  given  angle,  after  (»)  reflec- 
tions becomes  parallei  to  the  reflector  on  which  it  was  first  incident 
Reqaiied  the  angle  at  which  the  reflectors  are  inclined* 

S.  Required  the  image  of  an  object  placed  before  a  prism  of  small 
vertical  angle. 

4.  Place  a  straight  line  before  a  spherical  reflector, 

(1).  So  that  it  may  pass  through  the  centre  of  the  Conic  Sec. 
tion  which  forms  the  image. 

(2).  So  that  the  image  may  be  a  circle ;  or  a  rectangular 
hyperbola. 

5.  When  a  luminous  particle  is  placed  before  a  spherical  refractor, 
And  the  position  of  its  image.  Find  also  the  situation  of  the  pardde, 
BO  that  its  distance  from  the  image  may  be  a  minimum. 

6.  A  glass  sphere  and  a  double  convex  lens  have  the  same  focal 
length,  and  the  radius  of  one  of  the  sur£u»s  of  the  lens  is  twice  that 
of  the  other.    Compare  the  radii  of  the  sphere  and  lens. 

7.  In  the  diameter  of  a  given  circle,  two  lights  are  placed,  whose 
distances  from  each  other  is  equal  to  the  radius ;  their  distances  from 
the  centre  being  as  3  :  1.  Supposing  the  intensities  of  the  lights 
to  be  inversely  proportional  to  their  distances  from  the  centre  of  the 
circle,  determine  those  pmnts  in  the  circumference  which  receive  the 
least  light  possible. 

8.  Compare  the  fields  of  view  in  the  Telescopes  of  Or^ory  and 
Cassegrain,  the  reflectors  and  ey^-glass  being  suppoted  the  same  in 
each.    Point  out  the  respective  advantages  of  the  two  IttstrumeBts. 

9.  Having  given  the  focal  length  (a)  of  a  spherical  refracting 
sur&ce,  and  (jS)  that  of  a  thin  convex  lens;  find  what  must  be  the 
focal  length  of  another  lens,  to  be  compounded  with  the  former,  such 
that  the  refractor  and  compound  lens  may,  with  equal  lipertares, 
form  equally  bright  images  of  distant  objects :  supposing  the  trans. 
mitting  power  of  the  refractor  to  be  to  that  of  the  lens  : :  n  :  m. 

10.  Find  the  nature  and  magnitude  of  the  image  of  a  straight 
Ime  placed  before  an  h3rperbolic  speculum,  at  a  given  distance  firom 
one  of  itefoci;  the  eye  being  situated  in  the  other  foeue. 
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St.  JOHN'S  COLLEGE,  Dso.  1830. 

1.  If  a  raj  of  light  be  reflected  once  by  each  of  two  plane 
mirrors ;  and  in  a  plane  which  is  perpendicular  to  their  common 
intersection^  the  angle  contained  between  the  first  and  last  directions 
of  the  ray,  is  equal  to  twice  the  angle  at  which  the  mirFon  are  in- 
clined to  each  other. 

2.  Parallel  rays  may  be  made  to  converge  or  diverge  aocuiately 
by  means  of  a  parabolic  reflector. 

S.  Having  given  the  inclination  of  two  plane  mirrors,  and  the 
litaaljon  of  an  object  betwkn  them ;  find  the  number  and  position 
of  the  successive  images  formed  by  them. 

4.  A  ray  of  light,  which  passes  through  a  prism  in  a  plane  per* 
pendicular  to  its  edge,  is  turned  towards  the  thicker  part,  or  from  it, 
according  as  the  prism  is  denser  or  rarer  than  the  surrounding 
medium. 

5.  Find  the  refracting  power  of  any  transparent  substance. 

6.  Find  the  bngitudinal  aberration,  when  a  pencil  of  rays  is 
inddent,  at  a  small  but  finite  angle,  upon  a  plane  refracting  surface. 

7.  Find  the  focal  length  of  a  given  sphere. 

8.  Define  the  centre  of  a  lens,  and  determine  its  position  in  a 
double  convex  lens  of  given  thickness. 

9.  Find  the  visual  angle  of  a  given  object,  when  viewed  through 
a  double  convex  lens. 

10.  Construct  Sir  I.  Newton's  telescope,  determine  its  magnifying 
power,  and  shew  how  it  may  be  adapted  to  nearer  objects. 

11.  Explain  the  phenomenon  of  the  unequal  refrangibility  of 
light ;  and  find  the  dispersive  power  of  the  substance  of  which  a 
prism,  having  a  very  small  refracting  angle,  is  formed. 

12.  When  a  beam  of  solar  light  falls  upon  a  lens,  find  the 
centre  and  diameter  of  the  least  circle  of  chromatic  aberration. 

15.  Exj^n  the  reason  why  the  order  of  the  odours  in  the  pri- 
mary and  secondary  rainbows,  lA  mverted. 
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14.  Having  given  the  ndius  of  an  arc  of  any  colour  in  die  pdu 
mary  rainbow,  find  the  ratio  of  refraction,  for  that  ooloar,  out  of  air 
into  water* 


St,  JOHN'S  COLLEGE,  May  183L 

1.  Whjbn  diverging  or  conver^ng  rayB  are  inddent  neaclj 
perpendicolarlj  upon  a  lens,  the  thickness  of  which  is  inconnder- 
able,  prove  that  QF :  Q£ : :  Q£  :  Qq- 

2.  If  a  ray  dA  be  incident  upon  a  spherical  reflector,  ihe  centre 
of  which  is  £,  in  a  direction  parallel  to  its  axis  £C,  and  AT  be  a 
tangent  at  A  cutting  the  axis  in  7,  shew  that  the  longitudinal  aber. 
ration  r=|Cr. 

5.  Having  given  the  distance  of  a  luminous  point  (rom  a  concave 
spherical  minor,  find  its  radius,  when  the  aberration  of  a  ray  incident 
at  an  angle  of  45^  :  the  distance  of  the  geometrical  focus  from  the 
centre  : :  the  distance  of  the  focus  of  incidence  from  the  centra  :  the 
radius  of  the  mirror. 

4.  Find  the  Qluininataon  of  a  globe  resting  on  a  horijontal  pbae 
at  a  given  distance  from  a  candle ;  the  height  of  the  flame  of  the 
candle  being  equal  to  the  radius  of  the  globe. 

5.  At  the  bottom  of  an  empty  spherical  basin  a  crown  piece  is 
placed,  and  an  eye  is  so  situated  as  just  to  see  the  edge  of  the  crown 
piece  over  the  rim  of  the  basixu  When  the  berin  is  filled  with 
water  the  whole  crown  piece  becomes  exactly  visible.  Find  the 
radius  of  the  basm. 

&  Find  the  equation  to  the  caustic,  when  the  reflecting  carve  is 
the  rectangular  hyperbola,  and  the  rays  are  incident  parallel  to  its 


7-  If  a  ray  of  light  be  incident  upon  a  prism,  in  a  plane  peipen* 
dicular  to  its  edge,  at  an  angle  of  45^;  find  the  value  of  the  refract* 
ing  angle  of  the  prism,  so  that  the  ray  may  just  emeige  parallel  to 
the  second  sux&oe;  the  value  of  the  index  of  refiraction  0*)  hong 

8.  A  given  circular  object  is  placed  before  a  ghas  prism,  the  ra» 
fracting  angle  of  which  is  S(r*,  vridi  its  plane  parallel  to  the  finoe  of 
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the  prism.    Shew  that  the  image  is  an  ellipse,  in  which  the  squaies 
of  the  axes  are  as  31  :  S6, 

9*  Having  given  the  linear  magnitude  of  a  concave  spherical 
mirror  of  6  inches  radius^  before  which  a  small  object  is  placed  at  a 
distance  of  12  indies ;  find  the  linear  magnitude  of  a  double  convex 
glass  lens^  of  the  same  radius,  which  will  form  an  equally  bright 
image  of  the  object,  supposing  no  rays  to  be  lost  by  reflection  or.  re- 
fiaction. 

10.  The  magnifying  power  of  a  common  opera  glass,  (or  Gali- 
lean Telescope,)  when  directed  to  a  distant  object,  is  4;  but  when 
adjusted  to  an  object  situated  at  a  distance  of  40  feet  from  the  object 
glass,  the  magnifying  power  is  5.  Find  the  focal  lengths  of  the 
object  and  eye  glasses. 

11.  A  ray  of  light  diverging  from  a  luminous  point  is  incident 
upon  a  plate  of  glass,  the  thickness  of  which  is  (/},  at  an  angle 

Shew  that  the  longitudinal  aberration  is  accurately  ss  ---/. 

15 


(• 


12.  Determine  the  relation  between  the  focal  lengths  of  two 
lenses,  which  will  achromatiise  each  other,  when  separated  by  a  given 
interval  (a). 

St.  JOHN'S  COLLEGE,    May  1832. 

1.  Dbsciiibb  Hadley's  quadrant,  and  find  the  error  in  an  angle 
observed  with  it  when  the  index-glass  is  not  quite  perpendicular  to 
the  plane  of  the  instrument. 

2.  If  a  ray  of  light  be  reflected  once  by  each  of  two  plane  sur- 
hccB,  in  any  planes,  the  first  and  last  directions  of  the  ray  make 
equal  angles  with  the  intersection  of  the  reflectors  ;  and  if  planes  be 
drawn  through  the  intersection  of  the  reflectors  and  the  first  and  last 
directions  of  the  ray,  the  angle  between  these  planes  is  equal  to  twice 
the  angle  between  the  reflectors. 

3.  QR  is  a  ray  incident  upon  a  reflecting  surface  at  the  point 
it,  ER  is  a  normal  to  the  surface,  and  Rq  the  reflected  ray ;  ER 

[SUFF.  P.  II.]  I 
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sikw  with  each  of  thito  le^taaguter  9Cfm  angles  whose  oosbet  ete 

I,  m,  n ;  QR  and  qR  make  with  the  same  axes  ao^es  whoae  cosines 
are  a,  b^  c,  and  a^,  h^,  c^  :  prove  that 

a  +  flj  =s  2  (a/  +  Aw  +  c»)  4 

b+  6j  5st  2  («/  +  *w  +  <?«)  »«> 

c  +  C|  S5  2  («/  4-  A»i  +  c»)  ». 

4.  Rays  are  inddent  on  a  suifiM^  of  revolution  in  a  direetSoA 
parallel  to  its  axis;  its  caustic  by  reflection  is  a  sphere:  find  ftbe 
equation  to  the  generating  curve  of  the  surface* 

5.  Find  the  distance  between  the  fbci  of  incident  and  emergent 
rays,  when  a  pencil  passes  nearly  perpendicularly  through  a  refract- 
ing  medium  bounded  by  concentric  spherical  surfeces. 

6.  An  astronomical  telescope  is  filled  with  fluid :  having  given 
the  refractive  powers  of  the  fluid  and  of  the  lenses^  and  the  radii  of 
the  surfkces  of  the  lenses^  find  the  distance  between  their  centres. 

7*  Rays  incident  nearly  perpendteularly  upon  one  surface  of  a 
double  concave  lens  converge^  after  reflectioni  to  a  point  four  inches 
from  the  lens ;  when  incident  upon  the  other  surface  they  converge 
to  a  point  five  inches  from  the  lens ;  the  deviation  of  a  ray  passing 
close  to  the  rim  of  the  lens  is  I''.  43',  and  the  diameter  of  the  lens 
half  an  inch :  find  the  index  of  refraction  of  the  substance  of  whidi 
it  is  formed. 

8.  Find  the  least  distanoe  between  the  conjugate  fod  of  a  ver^ 
thick  lens.  ^ 

9-     If  the  greatest  deviation  of  a  ray  refracted  through  a  prism 
=  D,  the  angle  of  the  prism  =  /,  its  index  of  refraction  =  /*, 
cos./  —  co8.(D  +  /)  =  V(fA^  —  1 )  cos./. 

10.  Determine  the  form  which  a  given  pencil  of  rays  will  assume 
on  emerging  from  a  prism :  both  refractions  tkking  place  in  one 
plane. 

11.  Investigate  the  condition  of  achromatism  of  two  lenses  for 
an  excentrical  pencil,  when  the  axis  of  the  incident  pencil  is  indiaed 
to  that  of  the  lenses. 

12.  Explain  the  refraction  of  light  on  the  undulatory  theory. 
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15.    Ezplfiin  on  mechanical  principles  the  transmiflidon  of  a  wave 

in  which  the  vibrations  are  transverse  to  the  direction  of  the  motion. 

)4*    Investigate  the  law  of  double  refraction  in  uniaxal  crystals. 


CAIUS  COLLEOBi  Mat  lUBh 

I.  Thb  intensity  of  Ught  «nl^Mlftlitig  ftoUl  ^y  pobiti  Varies  iiu 
Tersely  as  the  tquare  of  th^  distance  from  that  point. 

S.  Find  the  equations  of  those  curves^  which  poasin  die  property 
of  kefleodng  Ughl  iiammfeely>  frAn  one  given  poitit  to  another. 

3.  Detennhle  tti«  kteral  aberration  iii  A  iq^hetioiit  tedeetofi  of 
which  the  aperture  is  small  oompaied  with  the  fbcal  letigik 

4.  Piote  that  the  length  of  thd  catistic  by  refleiiofa^  is  equal  to 
the  difference  between  the  entire  extreme  rays. 

5.  When  a  small  poHion  of  a  curve  is  placed  at  a  given  pointy 
with  its  radius  of  curvature  directly  opposed  to  that  of  a  given  re- 
flaelori  ptot^  that  the  di&taice*  between  the  cuiratures  of  the 
image  and  object  is  constant 

&  What  is  the  minimum  deviation  of  A  ray  of  lights  passing 
through  a  prism  of  given  refraeting  power  ? 

7'    To  find  the  focus  of  a  lens  of  any  thicknes84 

8.  Blequired  thb  position^  abd  radius  of  the  least  circle  of  aberra^ 
tion  in  a  lens. 

9*  Describe  the  Casscgrainian  telescope,  and  find  its  magnifying 
power* 

lOj  Detenbiile  the  radius  of  the  boW|  formed  by  light  refhicted, 
after  p  reflexions  within  the  drops  of  iUling  rain^ 

II.  Describe  some  of  the  experiments,  which  prove  that  in  biaxal 
crystals,  neither  of  the  refracted  rays  follows  the  Cartesian  law  of 
refraction. 

12.  Find  tlie  resultant  of  two  similar  interfering  rays,  on  the 
undulatory  hypothesis ;  and  give  a  construction  for  deteirraining  it3 
amplitude. 

i2 

Digitized  by  VjOOQIC 


116  BXAMIHATION  FAPBR8  .     (<H(^fnV 


CAIUS  COLLEGE,  June  18«2. 

1.  Dbfinb  a  luminous  pencil,  and  state  the  principal  modifica* 
tions  which  it  undergoes  at  the  surfaces  of  tranq[)arent  bodies. 

2.  Describe  the  experimental  proof  of  the  eqmdity  of  the  angles 
of  incidence  and  reflection,  and  apply  this  principle  to  the  oonstroc. 
lion  of  Wollaston's  Goniometer  and  Hadley's  Sextant. 

S.  Trace  the  corresponding  motions  of  the  conjugate  fod  by  re« 
flection  in  a  spherical  mirror. 

4.  When  light  issuing  from  a  given  point  is  reflected  by  a  ^he« 
rical  surface  in  a  plane,  inclined  at  a  given  angle  to  the  prindpal 
plane,  determine  the  ultimate  intersection  after  reflection. 

5.  Determine  the  number  of  images,  when  a  body  is  placed  be- 
tween two  inclined  plane  minors. 

6.  Find  the  caustic  surface  by  reflection  when  the  radiating  point 
is  in  the  periphery  of  the  reflecting  sphere. 

7.  Required  the  minimum  deviation  when  a  ray  of  light  passes 
through  a  prism  of  given  refracting  power. 

8.  Describe  Herschel's  Telescope. 

9.  Find  the  radius  and  position  of  the  least  circle  of  aberration  in 
a  lens,  the  incident  rays  being  parallel. 

10.  Explain  distinctly  the  formation  of  the  rainbow,  and  find  the 
radius  of  the  primary  bow. 

11.  Prove  that  the  quantity  of  light  polarised  in  reflection,  when 
the  position  of  the  surface  is  such  that  the  polarutation  is  complete, 
equals  the  transmitted  light  polarised  by  rrfraction  in  a  plane  per* 
pendicular  to  that  of  incidence. 


QUEEN'S  COLLEGE,  1825. 

1.  A  Ray  of  light  passes  from  a  point  situated  at  the  extremity 
of  the  diameter  of  a  semicircle,  and  is  reflected  by  the  divsumference ; 
determine  the  point  of  incidence,  so  that  after  reflection  the  ray  may 
pass  through  a  given  point  in  the  diameter  produced. 
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2.  Sdpixwe  the  fecal  lengths  of  tWo  douUe'convel  leases  to  he  to 
each  other  as  (m)  to  (n),  and  the  radii  of  their  first  sarfiices  to  be 
equal ;  required  the  ratio  of  the  radii  of  their  second  sur&ces. 

8*  A  sphere  of  glass  and  another  of  water  being  placed  in  'tar, 
what  must  be  the  proportion  of  their  radii^  that  iheir  magnifying 
powers  may  be  the  same  P 

4.    It  is  required  to  find  the  principal  focus  of  a  concavo-convex  * 
lens  of  a  rarer  medium,  whose  thickness  is  inconsiderable. 

5*  Required  the  form  and  fociis  of  a  glass  lens  which  would 
enable  the  eye  to  see  distinctly  under  water. 

6.  '  In  Gtegoiy's  telescope,  the  focal  length  of  the  latger  reflector, 
the  position  and  focal  length  of  the  eye-glass,  and  the  distance  between 
the  two  images  of  a  remote  objegt  being  given ;  required  to  find  the 
position  and  focal  length  of  the  smaller  reflector,  which  will  cause 
the  telescope  to  magnify  the  object  in  any  proposed  ratio. 

?•  If  parallel  rays  fall  upon  a  single  thin  lens  of  a  given  sub- 
stance, determine  tlM  diameter  of  the  least  circle  into  which  all  the 
rays  of  different  colours  are  collected,  the  linear  aperture  of  the  lens 
being  known. 

8.  Given  the  highest  point  of  the  under  arc  of  a  primary  rain- 
bow ;  required  the  altitude  of  the  Sun's  centre. 

9.  Suppose  the  reflecting  curve  to  be  a  cycloid,  and  the  incident^ 
rays  to  be  perpendicular  to  the  axis;,  required  the  nature  of  the 
caustic. 


QUEEN'S  COLLEGE,  May  1831. 

1.  Rbquibbb  the  distance  of  the  geometric  focus  of  a  ray  re- 
iiected  at  a  spherical  surface,  the  distance  of  the  luminous  point  being 
5  feet  and  radius  of  mirror  2.  feet. 

2.  Two  plane  mirrors  are  inclined  to  one  another  at  an  angle  of 
15^i  required  the  number  of  images  of  an  object  plated  between 
them* 
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S.    If  rbethendiiiiofa8pheiisali«fbetor,tliekM«t«h«n» 
for  parallel  rays  ^  r  sin.t  veniii.—  nearly* 

4.  In  the  iateriar  rainbow  iIm  tanfeai  of  iim  mglo  of  igcid«apr> 
is  oqual  U>  Iwka  the  twigont  of  the  aQgla  of  lafimctiaa- 

5.  Required  the  focus  of  refraction  of  a  concave  and  oonyeiL  lens 
Kfarated  by  a  given  intenraL 

6.  Explain  the  primary  and  secondary  focal  lines  of  an  oUique 
pencil  of  vayt  reflectad  at  a  aphecical  suifaoe,  and  shew  diM  diey  are 

at  right  angles  to  one  another. 

7*    If  thereflectittgourwbeanaioof  60^,  skew  Hhatif  altmineas 
body  be  plaeeci  at  one  extremity  the  (density)*  of  li^t  at  the  pointe 

of  tnsQction  of  the  caustic  are  as  thenumher&^r— ^«  ^  m  » - 


9^1  ««  —  l  «•— 1 


QUEEN'S  COLLEGi;  IS3S^ 

1.  If  the  distance  of  a  luminous  point  be  7  feet  firom  a  i 
reflector  whose  radius  is  1  foot :  find  the  velocity  of  the  focus  of  tlie 
reflected  ray^  when  the  luminous  point  approaches  the  reflector  at  the 
rate  of  2  feet  per  second. 

2.  If  a  light  be  placed  in  the  centre  of  an  ellipse ;  the  sum  of  tlie 
illuminations  of  every  two  points  in  the  circumference  at  90®  distant 
from  each  other  will  he  the  same. 

3»  If  a  ray  of  light  be  refracted  through  a  right-angled  triangular 
prism  in  a  plane  perpendicular  to  the  m%;  then  having  g^ven  the 
angle  of  incidence  (p  and  the  deviation  ^,  we  may  find  the  angle  of 
refraction  f'  at  the  first  surface ;  from  the  equation 


cot 


O+D 


4>.    If  a  given  semioirale  be  twnierssd  verlieally  in  a  fhaUt,  the 

image  will  be  a  semi^ellipse,  and  find  the  ratio  of  the  axefc 
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5.    If  dM  rofleciing  otirTe  be  a  logarithmic  ipira)«  lominoos  point 
in  the  pob ;  shew  that  the  denritj  of  light  at  any  point  of  the  cauatio 

1 


win  a 


nid«  Tector 


6.  If  a  pencil  of  rays  divei^  from  a  given  point  and  fall  obliquely 
on  a  retracting  medium  bounded  by  parallel  plane  surfaces;  then 
the  distance  between  the  foci  in  the  piimary  and  secondary  planes 
are  as  cos.^^  :  cos.*^^  where  f  and  ^  are  the  angles  of  incidenoe 
and  refleai(m. 

7.  In  the  interference  of  two  equal  and  nmilar  undulations ;  shew 
that  when  one  ia  (p  +  ^)  X  length  of  wave  behind  the  other  (j?  being 
a  whole  number)  they  will  destroy  each  other. 


SIDNEY  SUSSEX  COLLEGE,  May  1899. 

1.  Let  a  thin  pencil  of  rayi^  converging  to  a  given  pointy  fall 
nearly  perpendicularly  upon  a  convex  mirror  of  given  radius :  find 
the  focus  after  reflection ;  and  trace  the  changes  in  its  position^  while 
the  focus  of  incident  rays  moves  from  a  point  in  contact  with  the  back 
of  the  reflector  to  an  infinite  distance. 

2.  Let  a  thin  pencil  of  rays,  diverging  from  a  given  point,  fall 
obliquely  upon  a  curved  reflecting  surface :  find  their  intersections 
aftef  reflection. 

S.  Find  e^qperimentally  the  refracting  powe]^  of  a  given  solid  sub- 
stance. 

4.  Find  the  focal  length  of  ^  lens,  whose  thickoesa  is  inconsider* 
able :  and  shew  which  kinds  of  lenses  will  make  parallel  rays  convei^ 
or  diverge. 

5.  Let  two  double  convex  lenses  be  placed  with  their  axes  bx  the 
same  straight  line,  the  distance  between  them  being  greater  than  the 
sum  of  their  focal  lengths :  and  let  a  luminous  object  be  placed  be- 
tween them :  shew  that  the  distance  between  the  two  images  will  be 
a  maximum,  wheii  the  object  divides  the  distance  between  the  lenses 
into  two  peirts  proportional  to  their  focal  lengths. 
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6.  When  a  ray  is  incident  on  a  single  refiracting  mirfaoe,  'find  the 
longitudinal  aberraticnL 

7.  Find  the  difference  hetween  the  distance  of  an  ohject  when 
seen  hy  the  naked  eye,  and  its  apparent  distance  when  seen  perpendi« 
cularly  through  a  glass  window. 

8.  Find  the  image  of  a  straight  line  placed  perpendicularly 
hefore  a  lens :  and  trace  its  changes  when  placed  at  different  dis- 
tances. 

9.  Explain  the  unequal  refrangihility  of  light :  and  find  the  centre 
and  diameter  of  the  least  circle  of  chromatic  dispersion. 

10.  When  an  image  is  formed  hy  reflection  in  a  common  hwhing- 
glass,  explain  the  aherration  of  the  extreme  rays. 

1 1 .  Construct  Gregory's  telescope ;  and  find  its  magnifying  power. 

12.  Explain  the  formation  of  the  rainbow;  find  the  radius  of 
any  given  colour  in  the  p^  bow :  and  supposing  the  rainbow  to  he 
formed  just  at  sunset,  compare  that  part  of  the  concave  surface  of 
the  heavens^  which  is  enclosed  within  it,  with  the  whole  visible  he- 
misphere. 


SIDNEY  SUSSEX  COLLEGE,  May  1830. 

1.  GiVB  a  brief  statement  of  the  two  hypotheses  which  philoso^ 
phers  have  made  with  regard  to  the  propagation  of  light. 

2.  Determine  the  form  and  direction  of  a  small  pencil  of  rays  after 
being  reflected  obliquely  at  a  spherical  mirror,  first,  for  the  primary^ 
next  for  the  secondary  plane ;  and  explain  clearly  the  position  of  these 
two  planes. 

3.  Find  the  equation  to  the  caustic  when  the  reflecting  curve  im 
an  equilateral  hyperbola,  and  parallel  rays  are  incident  on  the  convex 
surface  perpendicular  to  one  of  the  asymptotes. 

4r  A  given  point  is  placed  between  two  plane  mirrors,  inclined  to 
each  other  at  a  given  angle,  find  the  number  and  position  of  the 
images. 
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5.  In  the  passage  of  a  ray  of  light  through  a  prism  in  a  plaae 
perpendiciilar  to  its  axis,  show  that  the  deviation  is  a  minimum  when 
the  incident  and  emergent  rays  make  equal  angles  with  the  sides  of 
the  prism. 

6.  Find  the  direction  of  a  ray  after  refraction  through  a  lens  of 
inoonsideraUe  thickness.  What  lenses  will  make  parallel  rays  diverge, 
and  what  converge  P 

7*  Determine  the  analytical  relation  that  must  hold  between  the 
focal  lengths  of  two  lenses  in  order  to  form  an  achromatic  combination ; 
why  does  not  the  application  of  this  succeed  in  practice  ? 

8.  A  short-sighted  person  can  see  distinctiy  at  the  distance  of  six 
inches,  find  the  nature  of  a  glass  which  will  enable  him  to  see  dis* 
tincdy  at  a  distance  of  eighteen  inches. 

9-  A  ray  of  light  is  incident  on  a  reflecting  surface  of  revolution 
at  a  pomt  x,  y,  parallel  to  the  axis,  show  that  the  distance  from  the 
origin  of  the  intersection  of  tiie  reflected  ray  with  the  axis 

Apply  the  case  to  the  paraboloid. 

10.  Explain  the  formation  of  the  primary  and  secondary  rainbows, 
and  determine  from  observations  on  the  rainbow  the  ratios  of  refraction, 
for  any  coloured  light,  between  air  and  water. 

1 1.  Explain  the  magic  lantern ;  and  find  the  least  distance  of  the 
object  and  tiie  screen  at  which  the  image  can  be  formed. 

12.  Construct  Cassegrain's  telescope,  find  the  magnifying  power, 
and  the  greatest  field  of  view,  and  explain  the  advantage  of  this  tele* 
scope  over  that  of  Gregory. 


St.  PETER'S  COLLEGE,  May  1831. 

1.    What  is  meant  fay  intrinsic,  and  aiq[iarent  bri^tness  ?    How 
is  the  former  estimated  ? 

%    In  direct  reflexion  at  a  ^herical  mirror 
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«  and  t^  being  tlieclistanoes  from  the  surface^  of  tke  fbd  of  iaciteit  aad 
rdloctedni}^ 

3.  When  rays  are  inddetit  obliquely  on  a  spherical  reflector,  ex. 
plain  fully  the  nature  and  position  of  the  focal  lines  in  the  primary 
and  fleeondary  planes ;  and  shew  that  for  the  primanr  i^ane 

COS.^         008.^  ^  2 

u  V     ^  r 

f  being  the  angle  of  incidence  ;  and  for  the  secondary  plane 
11  _Si.cos.p 
tt  T  7  ""       r 

4.  If  in  the  last  question  O  be  the  centre  of  the  reflector  and  tlie 
focus  of  inadence  Q  be  so  situated  that  QO  h  parallel  to  the  sur^u:e 
of  the  mirror  at  the  point  of  incidence,  determine  accurately  the  Ainn 
of  a  seoticn  of  the  tefleoted  pencil  between  the  two  fod,  ittade  hy  a 
plane  peipendioolar  to  the  axis  of  the  refteolor. 

5.  When  rays  are  incident  directly  on  two  parallel  plane  re- 
fracting surfaces,  determine  the  poiitioa  of  the  foeus  of  refracted 
rays. 

6.  When  rays  are  incident  obliquely  on  a  spherical  refractor^  prove 
the  formula 

cos.^'   cos.^'      cos.^       /    cos.^'       ^\1 

u,  •       'fi"  SB  — ^  —  I  tt— -— ■  -*•  1  )-» 

•^   oos.^       u  u         \    cos.^         /r 

for  the  primary  plane ;  and 

It.      \       y    cos.^'       t\S2t? 

for  the  secondary  plane. 

7.  Explain  fully  the  nature  of  spherical  and  chromatic  aberration, 
and  how  they  coexist  in  the  same  pencil. 

Find  the  leail  cktle  of  cbroaalk  abefnttoD  in  a  lens. 

In  what  proportion  will  the  imperfcctness  of  vision  through  the 
loii%  arising  hnm  these  aberrations^  be  remedied  by  dimhiishing  tlie 
a^terturc } 

8.  Explain  why  an  object  can  be  seen  distinctly  through  a  lens 
only  when  placed  between  the  lens  snd  it's  principal  focus,  the  distance 
of  tho  eye  (Vom  the  lens  being  less  than  its  focal  length. 


*> 
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If  the  distance  of  the  eye  from  the  lens  be  greater  than  the  focal 
lengthy  find  the  limiting  positions  in  which  the  object  may  be  placed 
so  that  it's  image  may  be  seen  distinctly. 

9.  If  a  pencil  of  converging  rays  fall  upon  the  first  of  a  com- 
bination of  two  lenses  separated  l^  a  given  interval,  in  such  a 
manner  that  they  shall  emerge  parallel  from  the  second  lens,  de- 
termine the  focal  length  of  the  sngle  lens  wUdi  in  the  pwtion 
of  the  first  of  the  above  lenses  shall  be  equivalent  to  their  com- 
bination. ^ 

10.  Describe  the  astMnioaiical  tekseope ;  and  mention  the  different 
kinds  of  eye-pieces  commonly  used  with  it,  and  their  advantages  and 
diaadvantagM. 

11.  If- til  of  the  rays  incident  on  each  lens  of  a  telescope  be 

tmnwiittad  by  it,  how  will  tiie  apponnt  brightness  el  an  object  be 
aibotod  by  the  uae  of  Hayghena*  eyeL.piece  instead  of  a  single  lens  ef 
the  same  focal  length  as  the  eye-glass  of  the  eye-piece,  the  focal  length 
of  th«  field  gla^sleuig  twice  tiiat  of  the  eyeglass* 

12.  State  concisely  the  principal  postulata  ef  the  undulatoiy 
t\ffun  of  U|^tt  and  whenoe  are  derived  the  strcmgest  reaams  for  pie- 
f«img  h  ta  tb«  Nf  wtooim  tboory. 
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AND 


SPHERICAL   TRIGONOMETRY- 


TRINITY  COLLEGE,  1820. 

1*  Explain  the  coiutruction  and  use  of  the  astronomical  quadrant 
and  circle,  and  state  the  advantages  of  the  latter  instrument  over  the 
former. 

2.  What  is  the  practical  mode  of  drawing  a  meridian  line? 
During  what  time  of  the  year  will  the  operation  he  the  least  liaUe  to 
error? 

3.  Bj  what  ohservations  may  the  figure  and  dimensions  of  the 
Earth  he  determined  ? 

4.  Explain  the  common  modes  of  determining  the  latitude  of  any ' 
place  on  the  Earth's  surface.  Solve  the  requisite  triangles  when  we 
have  two  ohservations  of  the  Sun's  altitude  on  the  same  day,  and  the 
time  elapsed  hetween  the  ohservations. 

5.  What  is  the  difference  between  a  sidereal  and  solar  year? 
Explain  briefly  the  approximate  mode  of  obtaining  the  length  of 
each? 

6.  Assuming  the  solar  year  »  S65^ .  5^ .  48"^ .  48%  what  are  the 
necessary  corrections  of  the  civil  year,  in  order  to  make  it  always 
nearly  coincident  with  the  solar  ? 

7*    Assuming  the  truth  of  the  Copemican  system,  ezpkin 
(] ).  The  phases  of  Venus, 
(2).  Her  retrogradationB, 

(8).  Her  appearahce  sometimes  as  a  morning  and  sometimes  as 
an  evening  star. 

a*    Fiild  the  Sun^s  altitude  at  six  o'tloek  on  the  longest  day; 
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9.  RequJied  the  time  of  a  given  day  when  the  Sun's  altitude  will 
be  the  same  at  two  given  places  on  the  same  meridian^  and  on  the 
same  yide  of  the  equator. 


TRINITY  COLLEGE^  1820. 

1.  Exi^LAiN  the  eonstruction  and  use  of  the  vernier.  Within 
what  limits  may  angles  be  read  off  by  an  instrument  of  which  the 
arc  is  subdivided  to  2(/^  and  20  divisions  of  the  vernier  are  equal  to 
19  of  the  arc  ? 

8.  Explain  the  mode  of  correcting  a  small  error  in  the  meridian 
plane  by  observations  made  with  a  transit  instrument  on  a  circum- 
pdar  star.  Supposing  the  time  between  the  lower  and  upper 
transit  s:  Ty  and  between  the  upper  and  lower  as  7*  +  /^  work  out 
the  proper  correction. 

S,  Determine  the  obliquity  of  the  ecliptic  by  meridian  altitudes 
taken  on  successive  days  before  and  after  the  solstice,  and  apply  the 
proper  oorrectionB. 

4.  Explain  the  mode  of  determining  the  lengths  of  a.  sidereal  and 
solar  year. 

5.  Assuming  the  length  of  a  solar  year  to  be  S65d,  5h.  4iS^  .48^ 
determine  the  correction  of  the  dvil  year  in  order  that  it  may  always 
nearly  coincide  with  the  solar. 

6.  Under  what  circumstances  is  a  star  said  to  rise  or  set  cosmi- 
cally^  achronicallyy  and  heliacally  ? 

7.  "  Hesiod  says  that  sixty  days  after  the  winter  solstice  the 
star  Arcturus  rose  at  sun-set :  from  which  it  follows  that  Hesiod 
lived  about  100  years  after  the  death  of  Solomon"  (Sir  L  Newton's 
Chronology).  Exhibit  the  calculations  on  which  this  conclusion  is 
founded. 

8.  When  the  Sun  is  in  either  of  the  equinoctial  points,  determine 
the  locus  of  the  extremities  of  the  shadow  of  a  perpendicular  style  on 
a  horijRmtal  phine. 

9.,  When  the  Sun  is  in  either  of  the  equinoctial  points  and  the 
s^yle  ijf  the  dial  is  perpendicular  to  the  horuBontal  plane  on  which 
the  hour-lines  are  drawn ;  determine  the  construction  of  the  di^. 
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10.  Vptm  what  experitueats  does  it  appear  th*t  lU  tke  ptesa^  of 
a  fay  of  light  through  a  variable  medium  like  our  atnMt^cMi  the 
sine  of  incidence  is  to  the  sine  of  refraction  in  a  Mittant  fallow 

1 1.  Explain  the  mode  by  which  Bradley  obtained  the  following 
formula; 

IWraotiOu  -  jig  X  ««».(«- «r)  X  «r  X  5ji^ 

a  ax  altitude  of  the  barometer  in  inches 
29*6  «  mean  altitude  of  do. 
z  =s  xenith  distance 
r  =  57^  X  tan.z 
k  =  height  of  Fahrenheit's  thermometer  in  inches. 

in.  Ddfinepacallas^aiid  datennine  the  law  of  its  variation  fertbe 
same  body  at  different  altitudes. 

13.  Explain  the  mode  by  which  (a)  die  efifebt  of  pardlax  in  i%ht 
ascension  may  be  observed^  and  prove  that  the  horiaontal  partttik 

15  X  a  X  co8.dec°. 
ooa.lat«  X  lin.hou]Nuigle* 

14.  If  the  velocity  of  the  Earth  be  in  a  finite  ratio  to  the  veloci^ 
of  light ;  (l)  find  the  direction  in  which  a  telescope  must  be  held  in 
order  that  a  given  heavenly  object  may  appear  in  its  axis :  (S)  On 
the  same  hypothesis  shew  that  a  ray  of  light  proceeding  from  ^  hea* 
venly  body  must  strike  the  retina  at  a  difierent  pdnt  from  what  it 
would  do  if  the  eye  of  the  spectator  were  at  rest;  and  therefore  b)r 
the  laws  of  vision  that  the  apparent  place  will  diffiw  IkMn  the  true 
place  of  the  body.  Shew  that  the  quantity  and  direction  of  abenraHoii 
are  the  same  on  either  of  the  two  preoedihg  eonslderationlb 

15.  Write  down  the  expressions  for  the  aberration  in  latitude  and 
longitude^  and  determine  for  any  given  star  when  the  corrections  are 
positive^  and  when  negative. 

16.  Bradley  observed, 

(i).  "  That  each  star  was  farthest  north  whan  it  came  ttf  the 
meridian  about  six  o'clock  in  the  evening,  and  farthest  SOUA 
when  it  came  about  six  in  the  moming.** 
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(0>  "  ThAt  in  boih  stan  tbe  apparent  difierenfie  of  declination 
from  the  maxima^  was  always  nearly  proportional  to  tbe  ti^rsed 
sine  of  the  Sun's  distance  from  the  equinoctial  points." 

Confirm  these  ohsemttions,  and  shew  that  they  only  apply  to  stars 
situated  near  the  scdstitial  colure* 

17-  Ptove  that  in  elliptical  orbits  of  small  eccentricity,  the  greatest 
equation  to  the  centre  is  twice  the  eccentricity. 

18.  Explain  the  mode  of  correctly  determining  the  longitude  of 
the  Earth's  apogee :  and  state  at  what  era  in  the  history  of  mankind 
the  line  of  the  apsides  coincided  with  the  line  of  the  equinoxes. 

19.  Given  the  place  of  a  planet  as  seen  from  the  Earth,  find  its 
place  as  seen  from  the  Sun,  exhibiting  the  formulas  of  heliocentric 
latitude  and  longitude. 

20.  Account  for  the  moon's  yibration  in  lobgitude. 

21 .  Find  the  lunar  and  solar  ecliptic  limits :  and  thence  determine 
the  greatest  and  least  number  of  edipses,  of  either  kind,  that  can 
happen  in  one  year. 

22.  Suppose  the  Moon's  right  ascension  to  be  exactly  known,  when 
the  Sun  is  on  the  meridian ;  determine  when  the  Moon's  centre  wiU 
be  on  the  meridian. 

28.  Determine  the  difference  of  the  longitudes  of  two  places  on 
tbe  Earth's  surface,  by  observations  on  the  passage  of  the  Moon's 
centre  over  tbe  meridian. 

24.  If  a  small  error  be  made  in  the  assumed  distance  between  two 
meridians,  shew  how  that  error  may  be  corrected  by  observations  on 
the  occultation  of  a  fixed  star. 


TRINITY  COLLEGE,  1821. 

1.  If  two  sides  and  the  included  angle  of  any  spherical  triangle 
be  ve^eetively  equal  to  two  sides  and  the  included  angle  of  another; 
then  the  third  side  of  the  one  shall  be  equal  to  the  third  side  of  the 
•ther. 
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2«  The  angles  at  the  base  of  an  isoeoeles  spherical  triangle  are 
equaL 

3.  The  sum  of  any  two  angles  of  a  spherical  trian^  is  greater 
than  the  third  angle  by  a  quantity  which  is  less  than  130*. 

4.  ProTe  the  truth  of  Napier^s  two  rules  (without  taking  the  fun- 
damental propositions  for  granted)  when  the  complement  of  the  hypo- 
thenuse  is  the  middle  part, 

5.  Assuming  the  truth  of  Napier^s  two  rules  in  any  one  case, 
shew,  hy  substitution  in  the  oomplemental  triangle,  that  they  must 
necessarily  he  true  in  both  the  other  cases. 

6.  In  any  spherical  triangle  in  which  A,  B,  Csie  the  angles ;  a. 
6,  c  the  opposite  sides  respectively,  and  S  = • 

(1).  log.  tan.  -  =  -  {20  +  log.sin.(5-  b)  +  log.  An.(S^ c) 
—  log.  8in.jS  —  log.  8in.(iS  —  a)  }. 


COS. 


(2).  Un.(-5-) —-5-  X  Un.- 

and 


•(^) 


.       Sin.  I 
a— 6  \     X     y  c 


(3).  Given  A,  B,  c;  required  C  without  the  determination 
of  a,  b. 


TRINITY  COLLEGE,  1821. 

1.  GiVB  a  short  account  of  the  Gopemican  system,  and  shew  how 
the  principal  phenomena  presented  by  the  Sun  and  Moon  may  be  ex- 
plained by  it. 

2.  In  a  common  mountam  barometer,  the  altitude  of  the  mer. 
cury  is  measured  on  a  scale  of  inches  subdivided  into  20  equal 
parts,  and  accompanied  by  a  sliding  vernier  in    which    25  equal 
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parts  a)rrespond  to  24  of  the  first  scale.      Explain  the  mode  of 
reading  off. 

3.  In  the  North  Polar  expedition^  when  the  needle  refused  to 
traverse^  a  sun  dial  was  erected  in  the  place  of  the  compass.  Explain 
the  mode  in  which  the  steerage  of  the  ship  might  he  conducted  hj 
that  instrument. 

4.  Determine  the  hour  of  any  given  day  when  the  Sun  passes 
Ihe  horisontal  wive  of  a  telescope  in  the  least  time  possible.— Find 
the  time  during  which  the  Sun's  disc  passes  the  mewdian  on  the 
same  day.  —  Determine  also  the  field  of  view  joi  the  telescope^ 
having  given  the  whole  time  of  his  appearance  in  it  during  the 
transit. 

5.  Determine  when  the  Sun's  centre  is  on  the  meridian  by  ob- 
servations of  equal  altitudes  before  and  after  noon. — Apply  the 
proper  correction  for  the  change  of  declination  between  the  obser- 
vations. 

6.  Criven  the  latitude  of  the  place ;  find  the  time  of  rising  of  a 
known  star. 

7*    Deduce  the  Sun's  variation  in  declination  near  the  solstice. 

8.  Find  the  variation  of  sltitdBe  of  the  Sun^  when  very  near  the 
meridian^  for  a  small  given  time. 

9.  Determine  the  variation  in  right  ascension  and  declination : 

(I).  Having  given  a  small  variation  in  longitude. 
(2).  Having  given  a  small  variation  in  the  obliquity  of  the 
ecliptic 

10.  Deduce  the  expression  for  the  area  of  a  spherical  triangle, 
and  shew  its  application  in  determining  the  spherical  excess  in  trigo- 
nometrical observations  on  the  Earth's  surface. 

1 1.  In  certain  latitudes  ihe  shadow  of  a  perpendicular  style  recedes 
from  ihe  meridian  for  some  time  after  Sun  rise.  Point  out  the  limits 
of  latitude  within  which  the  phenomenon  may  happen. — Determine 
also,  for  a  given  place,  the  whole  angle  through  which  the  shadow  re- 
cedes on  a  given  day. 

12.  State  the  meaning  of  a  ridereal  year,  a  tropical  year,  and  an 
anomalistic  year.-^Explain  the  methods  by  which  the  several  periods 
may  be  oozieotly  determined. 

CSWP.  P.  II.]  K 
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13.  Deflnd  parallax,  anA  alieW  iu  fariatioii  fdr  the  aame  body  ai 
different  altitudes.  ' 

14.  Determine  ttie  parallax  of  a  heavenly  body  by  two  obier. 
Vations  on  the  same  meridian. 

15.  Explain  the  mode  of  observing  tbe  parallax  in  right  aaeen- 
sion. 

16.  Find  an  expreMoti  ftr  the  variatiim  of  the  Mden'a  appermi 
semidiameter  at  different  altitudei. 

17-  If  the  velocity  of  the  Earth  bear  a  sensible  proportion  to  the 
velocity  of  lights  prove  that  there  must  be  a  sensible  abetitttion  of  the 
fixed  stars.— Determine  the  variation  in  the  quantity  of  aberration  for 
the  same  Star. 

18.  The  aberration  of  a  fixed  star  being  observed  for  "a  given 
position  of  the  Earthy  from  thence  deduce  the  velocity  of  light. 

19.  Deduce  t1)e  expression  for  the  aberration  in  dadination ;  and 
confirm  the  following  observation  of  Bradley^  vix. 

"  That  in  both  stan  (situate  neaif  the  lolaatial  ookift)  the  |ip. 
parent  diffeienca  of  decHnatkni  from  the  maxima  was  always 
nearly  proportional  to  the  versed  sine  of  the  Sun's  distance  from 
tbe  equinoctial  points." 

20.  Given  tbe  mean  anomaly  of  a  planet,  find  the  true. 

SI.  Find  the  dme  between  the  oonjunctioni  of  two  planets.  Shew 
how  the  calculation  may  be  extended  to  the  time  between  the  con* 
junction  of  three  planets. 

SS.  Cabulate  the  several  dimensiona  of  the  umbra  and  penumbm 
of  the  Moon,  and  find  the  solar  eeliptia  limits. 

25.  Explain  the  mode  of  determining  the  distance  between  two 
meridians: 

*  (1).  By  means  of  a  time-keeper. 
(2).  By  observations  o^  the  occultation  of  a  (ixed  star* 


1\ 
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TaiNITT  COLLEGE,  IMS. 

I.  Aboxbtain  the  limit  of  the  sum  of  the  lideA  df  a  trian^ei  and 
.dea  the  Uoait  of  lhe-aiiB\  of  iti  an^Mt. 

8.  In  two  trfanglee  whate  sides  are  a,  b,  c,  ani  t^,  h\  tf  reqpect- 
ivelj,  given  that  aaiir',  6  as  V^  <r  afe  c<^  ptofe  tha  triangles  equal  in 
all  respects. 

^.  Explain  the  fotmatlon  of  the  supplemental  triangle^  and  proye 
its  pEDperties>^under  what  falues  of  iu  angles^does  the  gifen  triangle 
eolBGide  with  Ita  SttpflenanMl  triaoi^s^  and  What  ratia  dDes  it  jdien 
hear  to  the  sorfiMe  of  the  sphere  ? 

.    4.    In  a  polygon  of  n  aUles  whose  angias  are  A,  B^  C«..«  P,  the 
sorflioe  equals  {A  +  B -^  C  +  Sec...  P}  ~  (n  —  2) v. 

9.  In  a  trlani^e  ABC  (right^an^ed  at  C)  proye^  independently 
of  Napier's  rule,  secc  s  tan.il .  tan.B* 

&    la  any  tciani^  ABC  prava 

Q 

2  log.  cos.--  s20  -f-  Iog.sm.^+  log.8in.(5^— c)— log.8in.a— log.8in.6j 
ss 

where  USmaa  +  h  +  c. 

7*    In  any  triangle  ABC,  prove 

_c06.A  -f-eos.B.co8.C 
'    rin.J9.sin.C 

i.  Give  the  ambiguous  eases  in  rlg(ht4ingled,  quadrantal,  aiid  ob« 
liqoe  tsiangles^ 


TRINITY  COLLEGE,  1822. 

L    How  is  it  ahown  that  the  apparantdionial  motion  of  the  stars 
in  uniftrmly  in  eirdea  parallel  to  one  another. 

2.    Explain  the  mode  of  determluing  the  right  ascension  of  a  star, 
the  tight  ascension  of  none  of  the  others  being  supposed  to  be  known. 
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3.    The  8ine  of  the  Sun's  dedination  is  a  mean  proportional  be* 
tween  the  sines  of  his  altitudes  at  six  o'clock,  and  when  due  i 


4.  The  distanoe  at  which  the  top  of  a  motthtain  may  be  seen  by 
means  of  refraction  :  the  distanoe  at  which  it  could  be  seen  without 
::  14  :  linearly. 

5.  If  jD  s  apparent  senith  distano&of  a  star,  r  s  refiniotiobf  and 
ame  of  incidence  :  sineof  refinaction  ::  nil;  then 

.      r  _  ootD  --  i/{cot»l)  —  (»»->  1)} 

"*i  ""  «  +  1 

&  The  difference  between  two  contiguous  degrees  on  the  Eaith's 
surface  is  a  maximum^  when  the  middle  latitude  s  45^ 

7-  If  in  any  hititude  X,  the  an^e  which  a  plumbJine  inaloes  with 
the  semi-diameter  of  the  Earth  =  i,  and  a,  b,  denote  the  semi^major 

and  semi-minor  axes  of  the  Earth,  then  tsni  =:  -  ,  ""■  -  ^ '-* 

a^  +  b^tBMLX 

Prove  this,  and  shew  that  when  3  is  a  maximum,  tan.3  ^'  .  ■  ,  ■ 

a*  +  6' 

nearly. 

8.  In  the  stereographic  projection  of  the  sphere^  otapare  (t)'  the 
surface  contained  between  two  quadrantal  arcs  perpendicular  to  die 
plane  of  projection :  (2)  the  surface  of  a  zone  contained  between 
circles  parallel  to  the  plane  of  projection,  with  the  areas  into  whid& 
they  are  respectively  projected. 

9.  Shew  how  the  Moon  s  equatoreal  parallax  may  be  determined 
by  two  observers  on  the  same  meridian. 

'  10.  If  P  =  horiaontal  parallax  of  a  planet^  -z  ss  its  aenith  dis- 
tance, Z  B  its  latitude,  6  =  its  angle  of  position,  and  f  as  an^^e  that 
a  vertical  tosikea  with  the  circle  of  declination  passing  through  it ;  then 

pmdl^  in  kngitude  =  ^f!5£^l±i), 

and  parallax  in  latitude  s  P  sin.c  cos.(0  +  f ). 

11*  If  the  obliquity  of  the  ecliptic  be  assumed  s  f,  and  by  an 
observation  of  the  Sun  when  near  the  sdstioe  it  is  fihuid  that  the 
difference  between  his  longitude  and .  90^  s:  /,  and  the  diflfeienoe 
between  his  observed  d^ination  at  that  time  and  his  gseateat 
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dediqation  he  attained  ss  d ;  then  d  may  be  detennined  very  accu- 
ratdy  fran  the  formula 

12.  How  is  it  shewn  that  the  appaient  path  of  the  Sun  is  an 
eDlps^  of  which  the  Earth  is  the  focus ;  and  that  round  this  the  Sun 
aiqwan  to  describe  equal  aieas  in  equal  times? 

CS 

13.  If  jrr  a  vnJfy  and  the  exoentrie  anomaly  »  u,  then  when 

the  equation  of  the  centre  is  a  maximum,  cos.ti «  -— r ;  and 

the  greatest  equation  of  the  centre 


=  2sm.-n 


A 

sin.r«8in»« 


(C08.»)^ 


*  —  tia,f  •  sin.«. 


.    14.    Trace  the  changes  of  the  equation  of  time  at  different  parts 
of  the  year. 

15.  Construct  a  vertical  east  or  west  dial. 

16.  There  must  be  two  solar  eclipses  in  a  year,  and  there  may  be 
ive.    There  may  not  be  any  lunar  edipse,  and  there  may  be  three. 

17.  If  P  and  p  be  the  horizontal  parallaxes  of  the  Moon  and  Sun, 
and  M  and  S  their  apparent  semi-diameters ;  then  half  the  angle 
subtended  at  the  Moon's  centra  by  a  sectim  of  the  hmar  umbra  at 

the  distance  of  the  Earth  =  — ^ ^ ;  and  by  a  similar  section  of 

the  penumbra  =  -—j ^• 

18.  Explain  the  causes  of  the  stationary  appearances,  and  retro^ 
ghde  motions  of  the  superior  and  inferior  jdanets. 

19*  Explain  the  mode  of  determining  the  longitude  and  latitude 
at  sea. 

20.  Find  the  path  of  a  star  arising  firom  aberration,  when  the 
Earth  moves  in  a  curve  acted  on  by  a  force  perpendicular  to  the  axis. 

21.  Suppoung  a  fixed  star  to  have  an  annual  parallax,  compute 
its  effects  in  longitude,  and  latitude ;  and  shew  that  eadi  of  these 
will  vanish  when  the  corresponding  aberration  is  a  maximum. 
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9.%.    Ezplam  tW  mewu  liy  wliicb  Pradlfj  ceparatad  ontfttioa  from 
the  inequalities  of  precession,  and  aberration. 

2^«    In  what  manner  warb  t1i0  dtftavae  aiid  periodic  time  of  the 
Georgium  Sidus  determined  soon  after  its  discovery? 

S4.    If  ^,  q,  r  denote  thr^  heliocantric  dUtana^  of  fk  phuHst, 
a,  P,  y  half  the  difiecences  b^w^ao  iti  heliope^itric  longitudes  at 
those  points,  and  S  the  area  of  the  triangle  formed  by  joining  the 
axtamutias  ai  tha  diatanaeo,  than  Aa  j^acama^  di  tha  orUt 
^  Qpqr  titLa .  8in.g .  sin>y 
'  S        ' 


TRINITY  eOLLilQa  182S. 

1.    If  in  a  spherical  triangle  the  anjgles  be  denoted  by  Ay  B,  C, 
and  the  sides  oppotitt  by  a,  ft,  c  vetpacthrtLy ;  what  b  tha  Valiia  of 

.  .    an, A      san.B      sin.C  .       ^        «^  ^  :  ^»     % 

the  ratio  —. —  =  -t-t-  =  -: —  m  a  form  fit  for  computation  ? 
8m.a        sin.o        99^ 

a.  Tha  oases  of  a  quadrantal  spherical  triangle  may  ba  solved  by 
rules  like  Nf^r^s. 

^     •        fl-fft+<?     ^         ,  1  J  .      im     sin.(5^— c) 

3.  Put  S  =    T      '  ,   Prove  that  tan.Ail .  tan-45  9b  * — .■■■>.;■    » 

2.  »  ■  sin.o 

and  apply  Ais  formula  to  solve  the  triangle,  when  a  sidei  an  adjaca&t 
angle,  and  the  sum  of  th^  othet  two  rides  are  ^uen. 

4.  Write  down  Napier's  analogies,  mid  apply  them  to  diew  the 
following  particulars : 

(1).  The  difference  oftwo  angles  is  less  than  180^ 

(S).  ^(a  +  ft)  and  \{4  ^  £)  are  always  of  the  sam^  a&Ptiaiu 

(3)*  a  — r  ft  and  A-tB  have  always  th^  same  sign. 

5.  Deduce,  Prop.  47>  Book  I.  Euc.  from  the  corresponding  aaia 
of  a  ri^t-angled  sphenc^l  tri^nf^?  . 

6.  The  sides  of  a  s{&erical  trian^  aiia  each  a  quadia&t*  Pmva 
that  the  distances  (or^  B,  y)  of  a  point  within  it  from  the  angles  of 
the  triangle  ar^  so  conneotec^  that 
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7*  Giv^n  the  incliogtion  of  die  plane  of  a  tbeodolite  to  the 
hfjftvfoa ;  reqifired  the  gxeatost  error  that  o»n  poMiUy  happen  in 
determining  the  magnitude  of  an  angle, 

8.  How  ia  it  ahewn«  that  the  fiaced  vtats  are  at  distanoes  f|om 
the  Earth  infinitely  greater  than  the  Sun  and  planeti^  and  that  the 
Earth  is  a  sphere  of  nearly  8000  miles  in  diameter  ? 

g.  What  are  the  definitions  of  the  principal  points  and  planes 
{gam  which  distances  are  roeasuned  in  Astronomy?  Construct  a 
figure  in  illustration  of  your  definitions. 

10.  It  is  observed  in  the  ease  of  Che  Sun^  that  sIn.R.  A.  :  tan.  decl. 
»  always  in  the  same  ratio :  diew  firom  this,  that  his  modon  is  all  in 
onephwe. 

11.  What  are  the  causes  of  eclipses?  iriiy  do  they  not  return 
numAly  > 

12.  Determine  the  hour  of  the  day  by  observing  the  Sun's  alti- 
tude, the  latitude,  and  his  dedinadon.  How  is  the  bngitude  found 
hy  a  chronometer? 

18.  Give  a  popular  account  of  the  various  astronomical  correct 
tloils. 

1 4  Mendon  some  of  the  peculiar  phenomena  of  Jupiter's  satellites, 
and  the  astronomical  discoveries  to  wUch  they  have  led. 


TRINITY  COLLEGE,  1824 

1.  Shbw  how  the  difference  of  seasoos^  and  of  days  and  nights 
is  produced  lyy  die  motion  of  the  Earth  about  the  Sun. 

2.  Does  the  Moon  revolve  upon  her  axis  ?  What  would  be  the 
apparent  modons  and  phenomena  of  the  Earth  and  the  Sun  seen  by 
a  spectator  in  the  Moon  ? 

^.  When  is  VenUs  a  morning,  and  when  an  evening  star  ?  Shew 
how  it  happens  that  the  dme  v^hen  she  is  stationary  is  not  when  she 
has  moved  to  her  greatest  apparent  distance  from  the  Sun.  Are 
dien  any  phenomena  in  a  superior  planet,  which  ooifespond  to  die 
statloii  and  giMaleit  atengatlQIi  flf  an  inferior  oqe  ? 
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4.  What  was  the  nature  of  the  change  which  made  a  reformation 
of  the  Calendar  neoeseary  ?  What  is  the  alteration  produced  in  the 
heavens  hj  the  precession  of  the  equinoxes  } 

5.  Suppose  the  precession  to  he  5(/'  in  a  year^  explain  and  verify 
the  following^calculation,  which  Newton  makes  the  foundation  of 
his  chronology. 

In  A.  D.  1689,  the  first  star  of  the  constellation  Aries  had  its 
longitude  25"^  35'  of  the  sign  <r  -  the  last  star  of  the  same  constella- 
tion  had  its  longitude  17**  53'  of  the  sign  « .  Now  the  equinoxial 
colure  at  the  time  of  the  Aigonautic  expedition  passed  exacdy  through 
the  middle  of  this  constellation.  Hence  it  appears,  that  the  Ai^go- 
nautic  expedition  took  place  2645  years  before  A.  n.  l689- 

&  The  Moon's  distance .  from  a  fixed  star  ohaerved  at  6  o'clock 
p.  u.  was  found  to  be  5(f.  In  the  Greenwich  tables,  the  distance 
5(P  of  these  objects  corresponds  to  11  o'clock  a.  m.  What  is  the 
longitude  of  the  place  of  observation  ? 

7*  Are  the  apparent  places  of  the  fixed  stars  affected  by  the 
motion  of  the  Earth  ?  What  is  meant  by  the  parallax  of  the  fixed 
stars  ?  Has  it  been  discovered  by  observation  ?  Does  any  argument 
for  the  motion  of  the  Earth  depend  upon  its  discovery  ? 

8.  At  a  certain  place  within  the  Arctic  circle^  the  Sun  did  not 
set  for  two  months :  what  was  the  latitude  i 

g.  Two  stars,  ct  and  /?,  are  so  situated,  that  when  a  rises  they 
are  in  a  vertical  line  with  one  another:  when  a  sets  they  are  in  a 
horizontal  line  with  one  another.  Find  the  latitude  of  the  place-— 
( If  declination  of  «  s:  45%  latitude  =  dO<>) . 

10.  Prove  Napier's  rules,  hypothenuse  being  middle  part. 

11.  Prove  the  expression  for  the  sine  of  the  angle  of  a  spherical 
triangle  in  terms  of  the  sides. 

12.  The  sides  of  a  spherical  triangle  are  each  =  1 11<>  28'.  Find 
its  angles,  and  shew  that  its  area  is  i  the  surface  of  the  sphere* 
(1110  28'  =  2  X  54*  44',  and  tan.54o  44'  =  a/ 9).     . 

13.  On.  the  surface  of  a  given  sphere,  to  draw  a  great  dide 
touching  a  given  circle,  and  passing  through  a  given  point. 
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14.  A  hill  dopes  to  the  south-east,  at  an  augle  of  S(P.  Shew 
that  the  path  of  the  shadow  of  a  fixed  object  upon  it  when  the  Sun 
is  in  the  equator  will  he  a  straight  ]ine>  and  find  the  pontion  of  this 
line. 


TRINITY  COLLEGE,    May  1831. 

1.  Explain  the  Ptolemaic  system  of  the  world.  Point  out  its 
principal  defect,  and  show  how  it  might  be  made  to  coincide  with 
thatofTychoBrahe. 

2.  Give  some  account  of  the  following  lunar  inequalities.  The 
evection,  the  vaxiation,  the  annual  equation,  the  equation  of  long 
period,  and  the  secular  acceleration. 

3.  The  length  of  the  longest  day  at  a  given  place  is  fourteen 
hours  and  a  half.  Find  the  latitude,  supposing  the  ohliquity  of  the 
ediptic  s  2d«  28". 

log.  tan.fiS*.  28'=  9r6S76l, 
log.  coB,71  .  15  =  9-50710, 
log.  tan.36  .  31  ^  9*86949- 

4.  The  depression  of  the  horixon  is  observed  from  the  summit 
of  a  mountain ;  find  its  altitude,  taking  into  account  the  terrestrial 
refraction. 

5.  Find  the  length  of  twilight  on  the  day  of  the  summer  solstice 
at  ktitude  45^. 

log.  tan.  28«.  28'=  9*63761  =  log.  co8.64«.  44', 

log.  tan.  77  .  47  =  0-66476, 

log.  8in.l09  .  46  =  9  97365, 

log.  tin.    1  .  46  ss  8-48896, 

log.  sin.  64  .  46  =  9*95645, 

log.  sin.  43  .  14  =s  9-83567. 

6i  Find  the  magnetic  variation  from  ohservations  of  the  Sun'^ 
ortive  or  occasive  amplitude. 

7*  Show  tiiat  in  finding  the  time  by  ahsolute  altitudes  the  ob- 
servations should  be  made  near  the  prime  vertical 
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8.  The  length  of  tba  sidereal  day  bos  not  varied  om  tfeoond  uce 
the  time  of  HipBa|chufi«    How  can  this  be  aaoertained? 

9.  The  Moon's  right  ascension  hebg  as  fellows : 

1831.    June  16,    0»» l6&>.  1^.88^'% 

12 172.35.27  -2, 

17,  0 178.53.12-4, 

12 185.   6.27% 

18,  0 191.15.45-9. 

find  her  A.  R.  on  die  17*  at  9**.  4T».  S» -4. 

10.  Explain  the  method  of  least  squares,  and  show  how  it  is 
applied  to  the  correction  of  astronomical  tables. 

11.  A  number  of  circummeridional  altitudes  of  a  planet  having 
been  observed,  reduce  them  to  the  meridian. 

12.  Giyen  the  right  ascension  and  declination  of  a  star,  ^nd  its 
longitude  and  latitude. 

13.  Exphun  the  construction,  uses,  and  various  adjustineiitfl  of 
the  transit  instrument  Show  how  to  plaoe  it  in  the  meridian  hy 
means  of  the  observation  of  drcumpolar  stars. 

14.  Give  some  account  of  the  different  methods  for  the  deter- 
mination of  the  constants  in  the  expression  for  refraction* 

15.  Find  the  parallax  in  ri^t  ascension,  and  show  how  in  the 
case  of  the  Moon,  the  ellipticitj  of  the  terrestrial  meridians  nttiy  be 
taken  into  account. 

16.  Given  the  right  ascension  and  decimation  of  a  ftar  for  Uie 
present  year^  show  how  to  find  the  time  of  jFear  at  which  it  rose 
heliacailj  in  some  preceding  eentury. 

17.  Find  the  formula  for  the  abenatian  of  the  fixed  stars  in 
longitude  and  latitude,  and  compare  them  with' the  respective  formuls 
for  their  annual  parallax. 

18.  Explain  the  phenomena  caused  by  the  Earth's  atmosphere  in 
lunar  eclipses,  and  calculate  the  effi^  produced  upon  the  diameter  of 
the  shadow. 

.  19f    Sbov?  \»ow  terrestrial  longitudes  nay  be  deduced  firom  d&e 
observation  of  occultatjons  of  fixed  st«|n  by  t)w  MofflU 
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Sa    The  pde  star  hm  been  olmnrad  off  thfi  mcridiaii;  Up  the 
obfinred  feoitb  distance  s  z^ 
hour  angle  sss  t, 
apfavent  north  polar  dist.  s=  p, 
coJatifcude  of  the  plaoe  k  f, 
then  f  asz  +  ji.cos./-*  ^p^.sin.^/.oot^s.sin.l'' 
+  Jp«.8in.«^co8.^sin.«X''•.• 
!}l.    Given  the  apparent  distance  l»etwe^  the  Moon's  centre  an4 
a  star,  as  well  as  the  apparent  altitude  of  each^  to  find  the  true 
distance. 

98.  From  tha  pasige  of  a  planet  throogh  its  nodes,  to  find  the 
bagitude  of  die  perihdion  and  the  eioentricity  of  Iha  orbit. 

23.  Deduce  the  exoentricity  of  the  solar  orbit  from  the  greatest 
equadoB  of  the  centra 

24.  Let  V  s  the  anomaly  of  a  comet  calculated  in  a  parabolic 
oibitj  the  anomaly  in  an  elliptic  orbit  ct  great  exeentricity  may  be 
dedw^,  by  adding  to  v  the  angle  #,  where  #  la  found  from  the 
equation 

rin.«  =  ^(1  -  e)  .  tan.|(4  -  S  cos.«^  -  6 .  co8.*|)* 

c  boipg  the  ratio  of  the  exeentricity  to  the  semi-axis  major  in  the 
ellipse* 


TRINITY  COtLEGE,  May  1832, 

1.  Explain  the  way  in  which  Ptolemy  represented  the  first 
inequality  of  the  Sun  and  planets. 

S{.  Inyes^te  the  correction  for  the  Sun's  motion  in  declination 
to  be  applied  to  the  instant  of  noon,  concluded  froni  equal  altitudes 
observed  on  each  side  of  the  meridian. 

3.  Show  how  to  determine  the  acimuth  of  a  terrestrial  signal. 

4.  Explain  the  diflerent  causes  of  the  equation  of  time,  and  give 
an  expression  for  it. 

5.  The  Sun's  declination  being  IS"".  N.  the  twilight  just  lasU 
all  night^find  the  ktilnde  of  thf  place. 
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6.  In  north  latitude  43®.  3(/ :  tbe  Sun's  Hedination  being 
15M(/.  N.  the  Sun's  centre  at  setdng  hears  by  compass  W.N.W. 
find  the  magnetic  Tariation 

log.  sin.l5«.  l(f  ss  9*41768,  log.  COB.43-S0  ss  996056, 

log.  8m.»l».  8'  s=  9-55712. 

7.  Assuming  that  the  refraction  (r)  for  the  aenith  distance  (0 
may  be  thus  ezprened  r=  il.tan.(^— nr)  deduce  the 


tan.iir  ==  tanjiA  tan.~  where  R  is  the  horiaontal  refraction,  and  f 
is  found  from  the  equation  tan.f  =s  sin.2fiA  tan.{. 

8.  Explain  the  method  adopted  for  detemining  the  horiaootal 
parallax  of  MarB,  by  ohserTations  made  nearly  under  die  same 
meridian. 

9*  Investigate  the  formule  for  the  annual  j^reoessum  of  the  fixed 
stars  in  right  ascension  and  declination. 

:  10.  Show  that  the  efl&cts  of  nutation  may  be  represented  by 
supposing  the  apparent  pole  of  the  equator  to  revdve  round  the 
mean,  in  an  ellipse,  the  centre  of  which  is  occupied  by  the  latter^ 
and  the  major  axis  of  which  is  a  tangent  to  the  circle  of  latitude 
passing  through  the  poles  of  the  equator  and  ediptic,  the  minor  axia 
being  a  tangent  to  the  circle  on  which  the  mean  pole  of  the  equator 
moves  parallel  to  the  ecliptic. 

11.  The  place  of  a  star  being  taken  from  a  modem  catalogue, 
show  how  to  calculate  its  place  exactly  for  a  very  remote  time. 

12.  Show  that  when  a  star  is  in  quadratures  with  the  Sun,  the 
aberration  in  latitude  is  a  maximum,  and  when  in  syzygies  a  mini* 
mum. 

13.  The  Sun's  meridian  altitude  having  been  observed  for  several 
days  before  and  after  the  solstice,  ^how  how  to  reduce  the  observa* 
tions  to  the  instant  of  the  solstice. 

14.  Give  an  account  of  the  construction,  adjustments,  and  uses 
of  Hadley's  sextant. 

15.  In  observing  circum-meridian  altitudes,  show  that  the  reduc* 
tion  to  the  meridian  is  of  this  form, 

sin.A8in.D   2^.sin.UP  , 
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where  A  s  declination  of  the  star^ 
^  =5  the  senith  diiitaDoe» 
D  =  the  colatitude  of  the  oUerrer^ 
P  s:  the  hour  an^^e^ 

, r 

•  ^-      86400— r 

r  beiilg  the  number  of  seconds  kst  in  a  day  by  the  dock  or  watch 
used. 

l6.  In  observing  altitudes  with  a  drde  the  pkne  of  which  is 
not  exactly  Tertical,  investigate  an  expression  for  the  error  on  the 
altitude,  given  the  deviation  from  the  verticaL 

17*  Calculate  the  augmentation  of  the  Moon's  apparent  semi- 
diameter  depending  on  her  altitude^  supposing  the  parallax  in  altitude 
known. 

18.  Show  how  to  calculate  the  different  phases  of  a  lunar  eclipse. 

19,  Explain  the  method  of  finding  terrestrial  longitudes  by  the 
transits  of  the  Moon  and  moon-culminating  stars. 

SO.  Supposing  the  inclination  of  a  planet's  orbit  and  the  longitude 
oif  the  node  known,  show  how  to  find,  from  an  observed  geocentric 
longitude  and  latitude,  the  radius  of  the  orUt  and  the  distance  from 
the  node. 

21.  From  the  laws  of  the  planetary  motions  deduce  an  expression 
for  the  mean  in  terms  of  the  excentric  anomaly. 

22.  From  three  successive  observed  positions  of  a  spot  on  the 
Sun's  surface  determine  the  inclination  of  the  solar  equator  to  the 
ecliptic,  and  the  time  of  rotation. 

28.  The  Sun  and  Solar  system  being  supposed  in  motion  towards 
«'givcn  fixed  star ;  deduce  formule  for  the  variations  in  right  aaoen« 
non  and  declination  of  other  stars. 

24.  A  comet  being  supposed  to  move  in  a  parabola,  call  i  the  time 
between  two  succesuve  observations,  k  ihe  chord  of  the  arc  comprised 
between  the  two  places,  r,  /,  the  two  radii  vectores,  iA=i6  \/(3f  +  w), 
*Jlf  being  the  mass  of  the  Sun,  m  of  the  comet,  then 
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St.  JOHN'S  COLLEGE,  1«21, 

1,  Dbfinb  a  meridian,  a  nmridian  liiM,  lihe  senilih,  the  horimn, 
and  the  ecliptic 

2.  On  a  given  day,  in  a  given  latitude,  find  the  tune  of  day  by 
Aavnng  the  altitude  of  a  ttar  whofle  fight  aaoembo  tttid  iedltoiilkill 
are  known* 

a  Explain  the  method  of  GODttructu^s  tiAiles  of  rafkaetioA  for  any 
latitude.    How  may  the  horiaontal  refraction  be  detenuned? 

4.  In  a  given  latitude,  a  qifeimqiolar  atar  whote  danlhuliim  ia 
known  panes  a  vertical  oiide  and  repagses  it  after  an  interval  of 
twelve  hours,  mean  solar  time ;  find  the  meridian  of  the  place  P 

5.  Shew  how  the  periodic  time  of  a  supericn:  {Janet  may  he 
found.  Explain  how  the  periodic  time  of  the  Georgium  Sidus  was 
determined  t 

6.  In  an  alliptle  orUt  of  very  small  exoentriei^,  prove  that  the 
horiaontal  parallax  at  the  mean  distance  will  he  an  arlthtnetle  AMI 
between  the  greatest  and  least  horiaontal  paraillaT* 

7.  Find  the  parallax  of  a  heavenly  body  by  obsstvatioDS  au4e 
out  of  the  plane  of  the  meridian. 

8.  Determine  from  the  zequisite  data  the  duration  of  a  lunar 
edipse.  Point  out  what  artifice  in  the  analytical  solution  oomqwiids 
to  the  introduction  of  the  relative  orbit  in  the  geometrical  Find 
the  limits  to  the  whole  number  of  eclipses  that  may  happen  in  a 
year. 

9.  Explain  the  principle  of  the  repeating  drcle,  and  shew  how 
it  may  be  api^ed  to  find  the  meridian  altitude  of  the  Sun  wiUi 
accuracy. 

.  10«  Construct  an  horiaontal  diaL~In  lai.  60».  the  shadow  of  the 
style  arrives  at  the  ten  o'clock  hour  Jine  ^  sooner,  and  at  the  two 
o'dock  hour-line  ^  later  than  it  ought.  Required  in  seoonda  of  a 
degree  the  dip  of  the  dial-plate  from  the  horiaontal  plane  ? 

n.  From  what  arguments  is  it  inferred  that  the  Earth  is  roun4 
and  from  what,  that  it  is  not  spherical  ?  Its  true  form  being  sup- 
posed an  oblate  spheroid,  and  its  dimensions  known,  find  in  what 
latitude  a  degree  of  longitude  and  latitude  are-^ual» 
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IS.  At  It  given  pkoe^  it  w»s  olMerved  that  Ihd  iaUrfA  w6kk 
dftpied  between  the  rising  of  »  dtai^  and  ite  cnMring  the  prhne 
tertical^  was  half  that  between  rismg  and  crossing,  the  mmUSksu 
Haring  giTen  the  hour  of  the  star's  rising,  and  the  day  of  Hke  year, 
find  the  deeUnation  and  right  ascension  of  the  star. 


St.  JOHN'S  COLLEGE,  May  Sft  1882. 

1.  .  On  what  day  of  the  year  in  latitude  (/)  does  the  length  of 
tlie  day  equal  the  length  of  the  longest  day  in  latitude  45^  ? 

2.  Supposing  the  latitude  of  Greenwich  Observatory  to  be  exaocly 
determined,  and  the  senith  distances  of  some  star  near  the  seniths 
of  Greenwieh  and  Cambridge  to  be  likewise  determined,  find  the 
latitude  of  the  Observatory  at  Cambridge.  Why  ii  this  method 
more  accurate  for  stars  near  the  senith  than  for  those  which  are 
not  so? 

S.  A  horicontai  dial  is  constructed  for  a  given  latitude ;  in  what 
latitude  would  it  serve  for  a  vertical  south  dial  ? 

4.  At  a  given  place  the  Sun  and  a  Star  are  found  at  nine  o'clock 
to  have  the  same  asimuth  which  is  observed ;  the  interval  between 
their  transits  over  the  meridian  is  also  noted ;  find  the  day  of  the 
year,  and  {he  altitudes  of  the  Sun  and  Star,  when  ihey  cross  the 
meridian. 

6i  Explain  the  construction  and  use  of  the  cenith  sector,  and 
how  it  is  applied  to  determine  the  error  of  coUimation  m  mural 
quadrantSr 

6«  Snppodng  no  division  of  an  instrument  to  coincide  With  a 
division  on  its  vernier,  shew  how  the  defect  is  remedied  by  a  micio* 
meter  screw. 

.  7*  Determine  the  right  asoenrion  of  a  heavenly  body  by  observa* 
tions  on  the  Sun  when  near  the  vernal  and  autumnal. equinoses 
(Flamstead's  method),  and  state  the  advantages  of  this  method. 

8.  Shew  how  the  mean  daily  rate  of  the  dock  is  to  be  deter- 
mined ;  and  in  the  last  question  supposing  t  the  apparent  diArence 
in  right  ascennon  of  the  Sun  and  -l&tar  on  a  day  when  +r  is  the 


Digitized  by  VjOOQIC 


144  EXAMINATION  PAPERS  [St.  JoMm 

daOy  rate  of  tbe  dodc,  and  f  the  apparent  difference  on  the  day  of 
the  Moond  obeervation  when  —  r^  u  the  daOy  rate ;  shew  how  t  and 
^  are  to  be  corrected. 

9*  Explain  the  method  of  computing  parallax  by  obaervataonB 
made  by  two  observers  in  given  latitudes  on  the  same  meridian. 
What  correction  most  be  applied^  if  the  observers  are  on  difierent 
meridians? 

10.  Prove  that  the  annual  precession  in  right  ascenrion  is 

5(/'. I  (cos./  +  sm./. sin.  right  ascension .  cotan.  north  polar  distance) 
(/  being  the  obliquity).  Would  n  times  the  above  expression  be 
the  precession  for  it  years,  n  being  considerable  ?  How  might  the 
precession  for  any  considerable  period  be  accurately  computed  ? 

11.  Prove  that  cotP  =  cos./,  cos./ .  secL  —  sin./.  tan.£. 

P  being  the  angle  of  position,  /  the  obliquity  of  the  ediptic,  h  and 
/  the  longitude  and  latitude  of  a  star ;  and  supposing  a  small  error  in 
determining  />  find  the  error  of  P. 

12.  State  the  elements  of  a  planet's  orbit,  and  shew  how  the 
longitude  of  the  aphelion,  and  the  time  at  which  the  planet  is  in  the 
aphelion  may  be  determined. 

13.  Investigate  the  following  formula  for  computing  the  time 
of  the  Moon's  transit  over  the  meridian : 

Time  of  transit « t  +  ^-^t  +  (^^^^^^  +  ^ 
t  being  the  difference  of  right  ascension  of  Sun  and  Moon  on  the 
preceding  day  at  noon,  a  and  A  their  diurnal  increments  of  right 


14w  Pkove  that  the  quantity  of  aberration  ss  c  X  sine  of  the 
Eartih's  way  (c  being  some  constant  quantity),  and  Aew  how  BraJBey 
determined  the  value  of  c. 

15.  If  p  and  e  be  the  polar  and  equatorial  diameters  of  the  Earthy 
E  and  L  the  lengths  of  a  degree  of  the  equator  and  of  a  curve  per-, 
pendicular  to  the  meridian  in  latitude  (/), 


?=1- 


EmnM 
the  eHipticity  beiog  supposed  small 
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1.  TtfB  sum  of  the  aides  of  a  polygoh  described  on  the'  surface 
of  a  sphere,  the  sides  being  arcs  of  great  drdes,  is  less  than  the  cir- 
cumference of  a  great  circle. 

'  2«    Solve  that  case  of  quadrantal  triangles  in  which  the  complex 
ment  of  one  of  the  aides  is  the  middle  part 

3.  If  A'  be  the  angle  contained  between  the  chords  of  an  isosceles 
spherical  triangle^  and  A  the  spherical  angloj  then 

A'  A  h 

sin.—-  :  sin.--  .' :  cos.-  :  radius,    h  being  one  of  the  equal  aides. 
%  %  a 

4.  Having  given  two  angles  and  the  included  side^  find  the  third 
angle  ill  a  ibrm  adapted  to  logarithmic  computation,  without  first 
finding  the  other  sides ;  and  apply  your  formule  to  find  the  third 
angle  in  a  triangle,  two  of  whose  angles  are  131°  SO",  and  5V  S(f  Iff', 
and  the  included  side  S€P  l6\ 

5.  Prove  that  the  orthographic  projection  of  a  circle  on  a  plane 
inclined  to  its  own  plane  is  an  ellipse.  What  must  be  the  inclination 
of  the  plane  that  the  area  of  the  ellipse  may  be  half  that  of  the 
circle. 

6.  The  diameter  of  any  small  circle  of  the  sphere,  perpendicular 
to  the  primitive,  projected  stereographically,  is  equal  to  twice  the 
tangent  of  its  distance  from  the  nearest  pole. 


St.  JOHN'S  COLLEGE,  1824. 

1.  In  a  spherical  triangle  express  the  cosine  of  an  angle  in  terms 
of  the  sines  and  cosines  of  the  sides. 

2.  If  the  sides  of  a  spherical  triangle  be  a,  h,  c,  and  (d)he  the 
length  of  an  arc  which  bisects  the  angle  (C)  and  is  terminated  in 
the  opposite  ade  (c), 

C      sm.(a  +  b)  ttrnd     „      .    ,      ,  _^. 

then  COS.—  =  —     ,  — ..."    Requu-ed  a  demonstration. 
2  2  ain.a  sm.6 

S.  In  the  stereographic  projection  of  a  great  circle,  prove  that 
the  tangent  of  any  arc  terminated  at  the  plane  of  projection,  is  pro- 
jected into  a  straight  line  of  equal  length. 

[Supp.  P.  II.]  L 
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4.  If  ftl  noon  the  Son  !•  eleratad,  45^  58^  above  the  horisoD^  and 
at  midnight  depresa^  119^.  S9f  balow  it;  whftt  is  iti  dadinatum,  and 

the  latitude  of  the  place  ? 

5«  Given  the  Son's  admuth^  and  the  houn  of  the  day^  at  a  pkce 
whose  ktitude  is  known,  investigate  formulBe  fay  whidi  his  altitude 
nay  he  detennined. 

6.  Shew  that  on  the  day  of  shortest  twilight  the  Sun's  aainudis 
at  the  end  and  beginning  of  the  crepuscullim  are  supplements  of 
each  other. 

?•  Having  given  ihe  diffeienoe  of  altitude  ef  two  known  sttts 
when  upon  the  same  vertical  whose  asimuth  is  ahlo  given :  detenniiie 
from  thence  the  latitude  <if  the  plaoe« 

8.  Deduce  eaqitessions  for  the  aberration  of  a  given  star,  in  north 
polar  distance  and  right  ascension,  on  any  given  day. 

g.  In  any  proposed  latitude,  having  given  the  angular  distance 
of  two  hour  circles  from  the  meridian,  it  is  required  to  find  what 
must  be  the  declination  of  that  star  whose  variation  in  altitude 
during  its  passage  from  one  hour  circle  to  another  diall  be  the  greatest 
possible* 

10.  Explain  from  whence  the  equation  of  time  arises. 

1 1 .  State  clearly  the  origia  and  extent  of  lunar  librations. 


St.  JOHN'S  COLLEGE,  1825. 

1.  If  i4,  B,  C,  be  the  angles,  a,  b,  c,  the  opposite  side  of  a 
spherical  triangle,  b,  c,  and  C  being  given ;  determine  A  bj  &  mode 
adapted  to  logarithmic  computation. 

2.  If  a  and  b  are  nearly  equal,  and  et=^  ^(a  +  b), 

a  =  a  +  tauM  tBLU,^{A  —  B)  cot.^ {A  +  B)  very  nearly. 

3.  Find  the  radius  and  place  of  the  centre  of  a  given  circle  stereo- 
graphicoUy  projected. 

4<.  In  a  given  latitude,  find  the  angle  which  the  diametn  of  tlie 
Earth  makes  with  the  plane  of  the  equator. 


Digitized  by  VjOOQIC 


Coll.  \6fts.)  in  AtnumoiiT)  tic  1^ 

5.  Two  known  circumpolar  stars  are  observed  to  attain  their 
greatest  asimuths  at  the  same  instant  on  a  given  day ;  bence  find 
the  latitude  of  the  place  and  the  time  of  observation. 

6.  Find  when  a  given  star  rises  heliacally. 

7.  If  the  refraction  =  a  tan.z  +  b  tuL^Zg  »  being  die  a]»paNiil 
senith  distance*  determina  the  coefficients  a  and  b  from  obserration. 

8.  Explain  okarly  the  cause  of  the  error  of  abemticm,  and  find 
the  coefficients  of  abenalion  ariring  from  the  Earth  s  motfan  in  its 
orbit,  and  from  the  rotation  round  its  axis. 

9.  F^lMft  what  dhwrratiaiis  does  it  q^pear  tliat  the  Sahfa'a  orbit 
18  an  ellipse  ? 

10.  Find  the  indiaatioii  of  die  Sun's  axis  to  die  ecliptic,  from 
obaenratiolis  mftde  m  die  iome  spot  of  it#  disk. 

11.  Tind  die  length  of  a  tropical/  a  sidereal,  and  an  anomalistic 
jear,  suppoiing  die  $im'f  mean  dftilj  motion  In  rig^t  ascensian  to  be 
59".  50^,  and  ll''  the  respective  annual  melion  of  the  equinox  and 
apogee. 

12.  The  heliooentric  latitudes  of  a  planet  at  the  time  of  its  transit 
over  the  meridian,  on  four  successive  days  were  S^.15\  a^.fiif,  8^.\^, 
3^.9^;  hence  find  the  inclination  of  its  orbit,  supposing  the  intervals 
between  the  times  of  transit  equal.. 

13.  The  true  anomaly  (v)  may  be  determined  by  die  area  (ni) 
when  the  eccentricity  is  small,  by  the  eq^adons 

tan.(i/*—  i  n/)  =s  —^^ .  tan.^  nt 

nt  -f  et/  sinV  —  e  sin.^' 


1  +  e.oo8.t/ 


I4h    State  the  limits  of  the  number  of  edipses  that  can  happen 
in  the  course  of  a  year. 


L2 
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St.  JOHN'S  COLLEGE,  May  1831. 

1.  GiYBN  the  three  sides  of  a  spherical  triangle ;  find  the  rine 
and  cosine  of  one  of  its  angles. 

2.  GKven  two  sides  and  the  indaded  angle  of  a  spherical  trian^e ; 
find  the  two  remaining  an^es,  and  the  third  side  independently*  ia 
formula  cdnvenient  for  logarithmic  computation. 

3.  If  one  angle  C,  and  the  side  opposite  c,  dP  a  spherical  triangle, 
remaia  constant,  shew  that  the  conesponding  variations  of  the  other 
sides  are  connected  by  the  equation 

coB^A.ib  +  OOS.B .}a ss  0. 

4.  Find  the  latitude  and  hour-angle  from  two  altitudes  of  the 
Sun,  and  the  time  between. 

5.  Given  the  latitude  and  longitude  of  a  star,  and  the  ohliqui^ 
of  the  ecliptic ;  find  the  tmgle  of  position  of  the  star. 

6.  The  orthographic  projection  of  a  circle  is  an  ellipse ;  find-  its 
semi-axes. 

7-  Construct  a  vertical  dial  inclined  at  a  given  angle  to  the 
meridian. 

8.  Determine  the  coefficient  of  refraction  hj  means  of  solstitial 
zenith  distances,  of  the  Sun. 

9.  Find  the  azimuth  of  a  terrestrial  object. 

10.  Find  the  efifects  of  pardllax  on  the  latitude  and  longitude  of 
a  known  body. 

11.  Find  the  effect  of  aberration  on  a  planet.  Compute  roughly 
the  Moon's  aberration  in  longitude.  Find  the  coefficient  of  aberra- 
tion from  observations  of  a  star  in  the  solstitial  colure. 

12.  If  the  angle  of  position  of  a  star  ss  90^  or  270^4  the  precession 
does  not  alter  its  right  ascenrion. 

13.  Find  the  time  between  two  successive  tranrits  of  a  planet. 

1 4.  Find  the  geocentric  latitude  of  a  planet  at  conjunction. 

15.  Given  the  heliocentric  to  find  the  geocentric  place  of  a  planet 
at  any  time. 
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16.    Find  the  lunar  ecliptic  limit 

17-  Given  the  mean  anomalj^  to  find  the  true,  in  orUts  of  small 
ezcentricity. 

St.  JOHN'S  COLLEGE,  Mat  1831. 

1.  Ths  sine  of  the  arc,  which  is  drawn  from  the  right  angle  of  a 
spherical  triangle  perpendicular  to  the  h3rpothenu8e,  is  a  mean  pro- 
portional hetween  the  tangents  of  the  segments  of  the  hypothenuse. 

2.  If  (a)  be  one  of  the  (n)  sides  of  a  regular  spherical  polygon, 
its  surface  (S)  may  be  found  from  the  equation 


n  V        «/ 


COS.-  I »  -  -  )  «  cos.^.sec| 


3.  A  ship's  longitude  is  112*.  45'  east  of  Greenwich,  and  the 
apparent  time  is  ^.  l6^ ;  find  the  apparent  time  at  Greenwich. 

4.  The  latitude  (x)  and  longitude  (/)  of  a  star  are  such,  that 

tanA  :b  2  tan.« .  sin./ ; 
determine  the  orthogonal  projection  on  the  ecliptic  of  the  locus  of  all 
such  stars. 

5.  Given  the  difference  of  the  greatest  and  least  azimuths  of  the 
Sun  at  rising,  determine  the  latitude  of  the  place :  and  shew,  that 
for  all  places  on  the  equator  this  difference  equals  twice  the  obliquity. 

6.  Explain  how  the  deviation  of  the  plumb-line  from  the  vertical 
may  be  determined  by  observations  on  a  star,  made  at  the  north  and 
south  points  of  ihe  base  of  a  mountain. 

7.  If  A  s  north  polar  distance  of  the  polar  star,  and  (a)  its 
altitude  at  an  hour  angle  (A),  the  latitude  of  the  place  of  observation 

as  a  —  A  C06.A  +  i  ^^  sin.^  A  tan.a. 

8.  Investigate  Littrow's  method  of  finding  the  refractiou. 

9«  Explain  Hadley's  Sextant.  By  what  alteration  in  the  position 
of  the  hori2on*glass  may  an  angular  distance  greater  than  190^  be 
observed? 

10.  The  equations  to  thb  locus  of  all  stars,  whose  abenration  in 
ri^t  ascension  and  decUnation  ss  0,  when  the  Earth's  longitude 
is  «,  are  '  ««  +  ^  +  a«  =s:  i, 

ttf'^»^{%x  +  g)  tan.«. 
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the  stars  are  referred  to  the  surface  of  a  sphere  (ndius  s  l)^  the 
plane  of  or^  lies  in  the  ecliptic>  and  the  line  of  equinoxes  is  assumed 
as  the  axis  of  x, 

11.  Investigate  an  approximate  formula  for  determining  the 
longitude  of  a  place  hj  ohservations  on  the  Moon's  transit  over  the 
meridian.  Why  in  determining  the  longitude  at  sea  would  the 
results,  obtained  by  clearing  the  Sun*8  distance  ftora  a  fixed  star>  be 
less  accurate  than  those  obtained  from  the  common  method  ? 

12.  An  accurately  graduated  horizontal  dial  is  fixed  with  a  small 
error  («)  in  aslmuth ;  find  the  error  for  any  given  hour-Hne ;  and 

shew  that  at  S  o'clock,   the  error  = -n  nearly,  where 

1+2  tan.*/ 

/  =3  the  latitude  of  the  place. 

15.  Given  the  declinations  of  a  planet  at  12  o'clock  on  die  19th, 
24.th,  29th  of  May,  and  the  3id,  and  8th  of  June  =s  ASf,  \^2ffy 
S?  12",  3^  8',  if  12"  respectively ;  find  the  deeUiiaticm  at  12  o'dock 
on  the  3l8t  of  May. 


St,  JOHN'S  COLLEGE,  Mat  1832. 

1.  Pbove  that  any  two  sides  of  a  spherical  triangle  taken  together 
are  greater  than  the  third. 

2.  State  and  prove  Napler*s  Rules  for  the  solution  of  right-angled 
spherical  triangles,  when  one  side  is  tlie  middle  part. 

3.  Given  two  angles  and  the  included  side  of  a  spherical  trtao^  ; 
find  the  remaining  aides  and  angle,  in  forms  adapted  to  logarithmic 
computation. 

4.  When  the  vertical  plane  in  which  a  ttanait  instmne&t  motes, 
nearly  coincides  with  the  meridian,  find  the  dcviatioo. 

5.  If  a,  I,  be  respectively  the  right  ascension  and  longitude  of  tlie 
Sun,  and  m  the  obliquity  of  the  ecliptic,  investigafee  the  following 
series  for  the  reduction  of  the  ecl^^  to  ibe  equMr : 

Z  —  a  s=  tan.«^ ,  sin.2/  —  i  tan.*^  siti.4Z  +  &c. 
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6.  Find  the  time  from  an  obferved  altitude  of  the  Sun ;  and 
hftTtng  given  a  small  error  in  the  observed  altitude,  find  the  corres- 
ponding error  in  the  computed  time.  * 

7*  Find  the  length  of  an  arc  of  the  meridian  on  Mercator's  pro- 
jection^  supposing  the  earth  spherical* 

8.  Construct  a  vertical  south  diaL 

9.  Explain  the  effect  of  zefractiim  on  the  place  of  a  heavenly 
body ;  and  shew  how  the  refraction  may  be  correeted  for  any  change 
in  the  thermometer  and  baremeter. 

10.  Find  the  paraUax  of  a  heavenly  body  l^f  observations  made 
in  the  plane  of  the  meridian* 

11.  Find  the  precession  of  a  given  star  in  right  asoenaion  and 
declination. 

IS.  Shew  that  the  eorve  which  the  Earth  describes  round  the 
Sun  is  an  ellipse ;  and  find  the  relation  between  the  true  and  mean 


18.  Find  a  planet's  distance  ftom  the  Sun^  and  the  argument  of 
latitude  at  the  time  of  oonjunetion. 

14.  Explain  the  Moon's  librations ;  and  the  phenomenon  of  the 
harvest  moon. 

15.  Find  the  time,  magnitude,  and  duration  of  a  lunar  eclipse. 

St.  JOHN'S  COLLEGE,  May  1832. 

I.  X,  Y,  Z  9XO  any  three  points  on  the  surface  of  a  spliere; 
P,  Q,  R  any  three  points  in  a  groat  drdb  of  the  sphere :  prove  that 
co8>PX.co8,Qy— co6,Py.cos,QX  cos.7ZF.cos.QX-cos.JtX.co6.Qy 
co8,Py.co8.  Q2— cos.  PZ.  COS.  Q  F'*  COS.RZ.  cos.  QK— cos-jKIT  .  cos.QZ 

8.  QR  is  the  titffnogimpbk  projection  ef  a  great  drclc,  P  the  pro- 
jection of  its  pole ;  PQq,  PRr  straight  lines  meeting  the  primitive 
ill  q,t:  the  are  prqjeoted  into  QR  is  meaiuied  by  qr. 

3.  Find  the  equation  to  Mercator's  projection  of  the  ediptic,  the 
projection  of  the  equator  bring  the  axis  of  x,  and  «tr  the  origin  of 
co-ordinates. 

4.  On  a  given  day,  Ht  a  given  phtee,  the  Sun's  light  is  reflected 
to  the  south  point  of  the  horkon :  find  the  relation  between  the 
N.P.D.  and  hour  angle  of  a  normal  td  the  mirrof  at  any  tiifk^ 
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5.  The  Moon  shines  on  a  san^ial:  having  given  the  hour  line 
on  which  the  shadow  of  the  style  rests,  and  the  time  when  the  Moon 
crosses  the  meridian ;  find  the  solar  time. 

6.  Deduce  the  coefficient  of  refraction  from  the  greatest  and  least 
zenith  distances  of  the  same  dicumpolar  star,  observed  in  places 
having  different  latitudes. 

?•  Find  the  Sun's  aberration  in  longitude  when  seen  by  an  ob- 
server in  the  Moon. 

8.  Having  given  the  north  polar  distance  of  a  planet,  and  the 
daily  variation  of  its  north  polar  distance ;  find  the  planet's  hour 
angle  when  its  zenith  distance  is  a  minimum. 

9-  Having  given  the  time  between  the  superior  and  inferior 
transits  of  the  pole  star  when  viewed  directly,  and  the  time  between 
its  superior  and  inferior  transits  when  observed  by  reflection  from 
the  surface  of  mercury:  find  the  angle  between  the  great  circle 
described  by  the  optic  axis  of  the  transit  telescope  and  the  meridian, 
and  the  zenith  distance  of  the  point  in  which  it  cuts  the  meridian. 

10.  S  is  the  focus,  C  the  centre,  and  A  the  apse  of  an  ellipse ; 
ilQ  a  circle  having  Cfor  its  centre>  QPM  perpendicular  to  AC, 
QTR  perpendicular  to  CQ  meeting  AR  the  involute  of  ilQ  in  R, 
ST  parallel  to  CQ.     The  time  of  describing  AP,  round  a  centre  of 

force  (fi)  at  S,  is  equal  to  y  (— )  ^^• 

11.  iS  is  the  Sun,  E  a  planet  describing  a  circle,  P  a  comet  de- 
scribing a  parabola  (vertex  A)  in  the  same  plane.  The  comet  will 
appear  stationary  to  an  observer  at  £,  when 

(^y  COS.SEP  =  V^ .  (cos-i  PS  Ay  fsin-^^P  cos-i  PSA 

-  y/  {(^y-(j^^^sEP)Hcos.iPSAyyj 

1 2.  Construct  for  the  places  on  the  earth's  surface  where  a  given 
solar  eclipse  is  visible. 

IS.    The  zenith  distance  of  a  comet  on  a  given  day. at 
2»».  15"  is  37^  12' 

2  .  49         41  .  10 

3  .  47         45  .  18 
find  its  senith  distance  at  2^  31°>. 
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CAIUS  COLLEGE,  May  1830. 

1.  Dbfinb — '  rational  horixon', '  nonagesimal  degree'— <*  solstitial 
oolure', '  prime  vertical'  and  '  zodiac'. 

2.  Describe  the  transit  instrument^  and  the  mode  of  adjusting  it ; 
and  shew  how  to  determine  the  deviation  when  its  plane  nearly 
coincides  with  the  meridian. 

3.  Determine  the  refraction  at  any  zen*  dist  {z)  in  a  homoge- 
nepus  atmosphere,  and  reduce  it  to  the  form  r^A  tan.(z  -^  nr). 

^  4.  Find,  the  parallax  in  right  ascension,  and  adapt  the'  result- 
ing formula  to  logarithmic  calculation  by  means  of  an  auxiliary 
angle. 

5.  Calculate  the  effect  of  precession  on  the  right  ascension  and 
declination  of  a  star ;  in  the  latter  case  the  effects  are  contrary  on 
opposite  sides  of  the  solstitial  colure. 

6.  Find  in  general  the  equation  to  the  aberratic  curve,  and  shew 

that  if  the  centripetal  force  on  the  Earth  a  — »  the  curvature  of  the 
aberratic  curve  a  r*"«. 

7.  If  v  s=  Earth's  longitude  at  the  time  t  afler  its  passage  through 
apogee,  and  Lbs  longitude  of  apogee,  demonstrate  the  system  of 
equations, 

tf         /I  —  e  v— L 

tan.  -  =  V  ■: '   X  tan. * 

2        ^  I  +  e 

T 

•  /  =  —  («  — .esin.ti);  where  T=s  periodic  time. 

8.  Prove  that  the  equation  of  time  vanishes  four  times  a  year. 

9-  Determine  the  time  of  the  year  when  a  given  star  rises  helia^ 
cally. 

10.  If  D  ss  perihelion  distance  of  a  Comet,  v  ss  anomaly  in  time 
(/)  reckoned  from  the  passage  through  perihelion,  then 


^^T.D^ 


r      w      1        .i;! 
|tan.-  +  -tan.3-j. 


wheto  TsndeKeal  period  of  the  Earth. 
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11.  Prove  that  the  length  of  the  Moon's  shadow  in  a  sdar 

,.  P-p  tn 

echpse=-p^.3j^^~_^y 

P,  p  being  tbe  horizontal  parallaxes  of  tlie  Moon  and  Sun,  r  =  ap- 
parom  arnni^Jiamfter  of  the  Sun,  m  ss  tbe  Moon's  radiui!,  that  of  the 
Earth  being  unity. 

12.  Determine  the  phases  of  an  opaque  heavenly  body  illumi* 
nated  by  tbe  Sun's  rays. 

13.  Shew  how  to  determine  the  Sun's  parallax  by  obaenwUoiiB 
on  the  transit  of  Venus. 

14.  Find  the  steieographio  projections  of  a  plane  tectlon  of  the 
Earth's  surfaoe  oonndered  first  as  a  sphere^  second  as  a  sphereid,  the 
eye  being  ^t  the  pole, 

15.  State  the  principal  phenomena  from  which  the  Earth's  annual 
motion  is  owst  fftfongly  inferred. 

PEMBROKE  COLLEGE,  Jw»  1832. 

1.  EsPBSse  the  sine  and  cosine  of  an  angle  of  a  spherical  triangle 
in  term  of  the  sides. 

2.  In  any  spherical  triangle 

.  ^  *       «v       cos.i .  (a  —  b)       C       ,      -     ,         .  ,    ^ 

tan.i(4  +  B)  «  — 17    4,  M  ***'2*  living  given  a,  h,  C, 

find  c  immediately  in  a  form  adapted  to  logarithmic  computation. 

3.  If  G  be  an  arc  of  a  great  circle  bisecting  angle  C  of  a  spherical 

triangle  and  termbtted  by  the  base,  then  will 

2sin.a.8in.6        C  ..        ,  «        .    ,  , 

tan.©  s«    ,— ,-  -    , .  COS.  - ;  prove  this,  and  from  it  deduce  the  eor- 
8in.(a  -he)         8     ♦^ 

responding  expression  in  a  plane  triaag^ 

4.  When  the  Greenwich  time  is  8*"*.  33f,  47".  p.m.,  the  time  at 
enother  piaee  is  1 1^.  S'.  45'^  a.m.  ;  find  its  longitude. 

5.  tf  6  be  the  naslmum  difibrence  between  the  true  latitude  of 
atiy  place  on  the  Earth's  surface^  and  the  latitude  of  the  saine  place 

referred  to  the  centre,  then  will  ten.  6  ^ps        — 
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6.  State  the  different  methods  of  finding  the  oomiprefliion  of  the 
Earth,  In  what  way  is  an  arc  of  the  meridian  measured^  and  what 
hititudea  should  be  selected  for  the  purpose. 

?•  Find  the  latitude  of  any  place  from  observing  the  times  of 
lising  of  two  known  stars. 

8.    Explain  the  foUowbig  phenomena : 

The  different  lengths  of  day  and  night. 

The  cliange  of  seasons,  writing  them  down  in  order  of  length. 

The  Harvest  Moon  and  the  Moon's  phases. 

9*  Find  in  what  latitude  the  ratio  of  the  lengths  of  the  shadows 
of  the  same  vertical  rod,  at  noon  on  the  longeat  and  shortest  days,  is  a 
maximum. 

la  Find  the  duration  of  twOigfat  on  a  given  day  at  a  given 
plaee :  find  also  the  time  of  year  when  if  is  shortest. 

11.  Explain  the  calendar  having  given  the  length  of  the  t^ioal 
year  =  S65^  5»^«.  48'.  51"  -6 :  on  what  day  of  the  week  will  the  first 
day  of  the  year  2117  be? 

12.  If  m  be  the  maximum  lunar  nutation  of  a  given  star  in  right 
ascension,  I  the  corresponding  bngitude  of  the  Moon's  ascending 
node,  then  when  the  longitude  of  the  node  equals  F  the  nutation  will 
be  m  co8.(r  —  /). 

13.  Given  m  =s  u  —  e  sin.  u,  the  relation  between  the  me<m  and 
eccentric  anomalies^  and  taq.-  ss  y  viTT'  J  *  ^^'i  ^^  relation  be- 
tween the  true  and  eeoentrie,  find  I  in  terms  of  m  as  fStf  as  e^. 

14.  Enumerate  the  different  methods  of  finding  the  longitudei 
and  find  it  by  the  transit  of  the  Moon  over  the  meridian. 

15.  The  orbit  in  which  the  Eardi  mpves  is  a  parabola,  the  force 
acting  in  lines  parallel  to  the  axis,  find  fihe  curve  of  a  fixed  star's 
aherratioti. 

18.  What  is  the  fonn  of  the  three  principal  equations  of  the 
Moon's  motion  ?  In  finding  u  in  terms  of  #  to  the  second  order  in 
tiie  liinttT  theoiy^  scute  the  form  of  tbo<e  tenns  of  tbe  third  older  that 
must  be  considered. 
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17.  The  Sun's  declination.  Sept  19,  at  noon  was  ...  44'.Sff'  A^ 

20, , sff.ser  N 

21, ^.^S 

22, 26  .27^5^. 

Find  when  the  Sun  was  in  the  equator. 

18.  Enumerate  the  arguments  for  the  icrolutbn,  rotation  and 
rotundity  of  the  Earth. 

19-  Describe  the  nature  and  use  of  the  Vernier  and  micrometer 
screw. 

SIDNEY  SUSSEX  COLLEGE,  May  1829- 

1.  Suppose  a  meridian  line  to  be  drawn  on  a  horiirontal  ^^ane, 
by  bisecting  the  equal  shadows  cast  upon  it,  before  and  after  noon,  by 
a  vertical  gnomon :  shew  that  from  the  longest  to  the  shortest  day 
this  line  deviates  from  the  true  meridian  line,  towards  north-west 
and  south-east ;  and  in  the  other  half  year,  towards  north-eas^  and 
south-west ;  and  find  the  deviation. 

2.  Find  the  latitude  of  the  place,  having  giv^  the  meridian  alti. 
tudes  of  a  known  circumpolar  star : 

(1).     When  the  star's  parallel  of  declination  crosses  the  prime 
vertical; 

(2).    When  it  does  not  cross  it 

3.  On  a  given  day  let  two  altitudes  of  the  Sun  and  the  elapaed 
time  be  observed :  find  both  the  latitudes  which  will  satisfy  these 
data ;  and  shew  by  what  additional  data  the  ambiguity  may  be  re- 
moved. 

• 

4.  Describe  on  the  concave  surface  of  the  heavens  the  ^[iparent 
path  of  the  nonagesimal  degree  of  the  ecliptic  above  the  horizon  of  a 
^ven  place,  during  one  revolution  of  the  Earth :  find  its  limits  of 
altitude,  and  the  corresponding  azimuths ;  its  limits  of  azimuth,  and 
the  corresponding  altitudes :  find  also  the  time  which  it  occupies  in 
passing  from  one  limit  of  each  to  the  other. 

5.  On  a  given  day,  at  a  given  place,  find  the  mean  time  of  the 
rising  and  setting  of  a  known  star. 
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6.  At  a  given  place  between  the  tropics,  in.nortli  latitude,  find 
the  time  on  the  morning  of  the  longest  day,  when  |he  Sun  is  direcUj 
over  that  point  of  the  horizon,  on  which  he  rose. 

7.  In  a  given  north  ktitude,  on  a  given  day,  find  the  hour  when 
the  Sun's  anmuth  from  the  south  is  equal  to  the  hour-angle-  from 
apparent  noon. 

8.  Find  the  effect  of  the  lunar  nutation  on  the  right  ascenson  of 
a  given  star* 

9.  Explain  the  aberration  of  the  fixed  stars ;  and  find  the  aber. 
ratio  curve,  supposing  the  Earth  to  oscillate  in  a  cycbid. 

10.  Find  the  greatest  equation  of  the  centre,  in  an  elliptic 
orbit 

11.  Find, when  that  part  of  the  equation  of  time,  which  arises 
from  the  obliquity  of  the  ecliptic,  is  nothing,  and  when  a  maximum ; 
when  it  is  additive,  and  when  subtractive. 

12.  Given  three  geocentric  observations  of  a  comet,  find  its  helio. 
centric  and  geocentric  distances. 

13.  Explain  fully  the  changes  which  take  place  in  the  phases  of 
the  Moon. 

14.  Find  the  lunar  and  solar  ecliptic  limits;  and  the  greatest 
and  least  number  of  eclipses  of  each  kind,  which  can  happen  in  a 
year. 

15.  Find  the  times  of  the  beginning  and  ending  of  an  occultatimi 
of  a  given  star  by  the  Moon : 

fl).  As  seen  from  the  centre  of  the  Earth  ; 
(2).  As  seen  from  a  given  place  on  its  surface. 

16.  Given  the  apparent  distance  between  the  centres  of  the  Sun 
and  Moon,  and  their  observed  altitudes :  find  the  true  distance ;  and 
hence  find  the  longitude  of  the  place  of  observation. 

17.  Explain  the  stereogcaphic  projection  of  the  sphere :  and  find 
the  centre  and  radius  of  the  projection  of  a  given  great  circle. 

18.  Construct  a  vertical  south-west  dial,  for  a  given  latitude: 
and  find  how  long,  on  a  given  day,  the  Sun  can  shine  upon  it. 
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19'    Find  ihe  time  of  equinox,  ind  Ibe  UniMde  of  die  plaoe, 
the  following  data  t 

^    1829-  Sun's  Sun's 

Mardb  Longitude.  Meridian  Altitude 

19*  at  Noon  ...  11« .  28^  .  Sg' .  10^ ST  .  SST  ^  ICT 

20  11  .  29  .  38  .  40  38   .  22  .  51 

21  0  .    0  .  38  .    8  ......  38  .  46  .  31 

22  0  .    1   .  37  .  34 39  .  10  •  10 


SIDM:EY  SUSSEX  college,  Mat  1830. 

1.  S^ATS  concisely  the  arguments  in  fk^our  of  the  dinmal  and 
annual  motions  of  the  Earth. 

f.  State  what  is  meant  bf  die  Earth's  eoaspfesHon;  md  find  it 
from  any  two  measured  arcs  of  the  mecidiail. 

3.  Having  ^vcn  the  times  of  trannt  p(  two  known  stars^  find  die 
quantity  and  direction  of  the  error  of  the  transit  instrument  fioom 
the  plane  of  the  meridian. 

4.  Explain  the  use  of  the  Vernier  and  Micrometer. 

5.  When  the  latitude  is  found  at  sea  from  two  altitudes  of  the 
Sun  and  the  time  hetween,  correct  for  the  ship's  change  of  place  he« 
tween  the  observations. 

6.  Given  the  lengths  of  the  shadows,  cast  on  die  horizontal  plane 
by  a  vertical  tower  at  noon,  on  the  longest  and  shortest  days :  find 
the  ladtude  of  the  place. 

7.  Any  two  of  the  four  quantities>««H>hliquity  of  the  eeUptiCj 
Sun's  longitude,  right  ascension,  or  decliiiatiDn,«»-being  given,  inves- 
tigate equations  for  determining  the  other  two:  and  shew  whidi  of 
the  cases  will  admit  of  two  answers. 

8.  Find  the  mean  time  of  the  transit  of  a  planet  whose  motion  ia 
retrograde. 

9.  The  latitude  of  the  place  being  known : 

(1).   Find  the  days  on  which  the  Sun  rises  with  a  given 
azimuth. 

(2).  Find  the  limits  within  which  the  aslmuth  must  be 
pven. 
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10.  At  a  ^ven  place>  on  a  given  day,  at  a  given  hour,  let  the 
great  circle  which  jdins  two  known  stars  be  produced  to  cut  the 
horixon :  find  the  points  and  angles  of  intersection. 

11.  Find  the  change  in  the  refraction  at  a  given  altitude,  depend- 
ing on  the  barometer  and  thermometer. 

12.  The  mean  right  aacennon  of  the  star  a  AquiLe  for  the  year 
1 B30  is  1 9»».  42".  29»  34,  and  its  north  polar  distance  81^  34'.  2ff'  •?. 
Find  whether  its  meridian  altitude,  at  a  given  place,  will  be  greater 
or  less  this  day  next  year  than  it  is  to-day:  shew  how  the  mag- 
nitude of  the  variation  may  be  computed. 

13.  On  a  ^ven  day  find  how  much,  and  which  way,  the  right 
aaonaioii  of  a  known  star  is  aflbeted  by  abemtkm ;  and  on  what 
days  the  effect  is  nothing  or  a  maximum. 

14     Gma  the  mean  anomaly  of  a  planet ;  find  its  true  anomaly. 

]  5.  The  orbit  of  a  planet  being  supposed  a  drde,  whose  radius 
is  known  nearly ;  approximate  to  the  true  radius* 

1&  Oifen  the  synodic  time  of  a  superior  planet;  find  its  periodic 
time* 

17*    A  planet  is  a  morning  star,  and  itationaryj  when  it  begin 
to  move  again,  find  which  way  it  will  move : 
(1).  Supposing  it  an  inferior ; 
(2).  Supposing  it  a  superior  planet* 

18.  Find  tlie  eooentridlty  of  the  lun^r  orbit. 

19.  In  the  year  1823  there  were  seven  eclipses,  and  the  fint  was 
•  an  eclipee  of  the  Sun :  state  the  others  in  the  order  in  which  they 

happened,  and  as  near  as  you  can  the  times  of  the  year  at  which  they 
happened. 

ftO.  Given  the  periodic  times  of  the  Earth  and  Venus,  equal  to 
365*256  and  224*7  days,  respectively,  find  the  periods  at  which 
transits  of  Venus  may  be  expected  to  recur. 

21*    Construet  a  borijEontal  dial  for  a  place  on  the  equator* 
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SIDNEY  SUSSEX  COLLEGE,  May  1831. 

1.  Dbfinb  the  latitude  of  a  place  on  the  Earth's  sur&oe :  hy 
what  angle  within  the  Earth  is  it  measured  when  the  Earth  is  a 
sphere,  and  hy  what  angle  when  the  Earth  is  a  spheroid  ?  Find  the 
latitude  from  two  equal  altitudes  of  the  Sun  observed  before  and  after 
noon. 

2.  Supposing  the  Earth  an  oblate  spheroid,^  find  its  radius,  at  any 
point,  in  terms  of  the  latitude. 

3.  -  Investigate  Flamstead's  method  of  finding  the  right  aaoension 
of  the  Sun. 

.4.  Investigate  the  reduction  of  the  ecliptic  to  the  equator  in  terms 
of  the  longitude. 

5.  Find  the  altitude  and  aiimuth  of  a  known  star  when  that  are 
of  the  vertical  circle  passing  through  it  which  is  intercepted  between 
the  star  and  the  ecliptic,  is  a  minimum. 

6.  Explain  the  differences  between  sidereal  time,  true  solar  time, 
and  mean  solar  time :  find  the  length  of  a  sidereal  day  in  mean  solar 
time,  and  that  of  a  mean  solar  day  in  sidereal  time. 

7.  At  a  given  place  on  a  given  day,  find  the  time  and  place  of  sun- 
rise, the  length  of  the  day  and  night,  the  Sun's  meridian  altitude  and 
midnight  depression. 

8.  On  a  given  day  at  a  given  pbice,  find  the  spherical  area  swept 
out  by  the  arc  ZS  from  sun-rise  to  sun-set 

9.  On  a  given  day  at  a  given  place,  the  true  time  is  to  be  found 
from  observing  the  Sun's  altitude :  find  at  what  time  in  tiie  morning 
the  observation  must  be  made,  so  that  a  small  error  in  the  observed 
altitude  may  have  the  least  eflfect  on  the  result. 

10.  On  a  given-day  at  a  ^ven  hour,  let  a  globe  of  given  radius  be 
suspended  in  the  air :  having  given  the  dimensions  of  its  shadow,  cast 
by  the  Sun  on  the  ground,  find  the  latitude  of  the  place,  and  the 
direction  of  the  meridian  line.  Determine  under  what  drcumstances 
this  problem  admits  of  two  answers. 
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11.  Explain  the  construction  and  use  of  the  transit  instrument, 
and  shew  how  to  adjust  its  axis  and  line  of  coUimlition. 

12.  Investigate  Brinldey's  formula  for  the  refraction,  the  atmo- 
aphere  heing  homogeneous. 

13.  Explain  the  nature  of  parallaxj  and  its  effects  on  the  hour 
angle  and  declinatbn  of  a  known  body. 

14.  Find  the  aberration  of  a  given  star  in  declination :  and  trace 
the  changes,  arising  from  this  cause,  in  the  meridian  altitude  of  the 
star,  throughout  the  year. 

15.  Explain  the  terms  '  Mean  Anomaly'  and  '  True  ^nomaly :' 
and  having  given  the  mean  anomaly,  find  the  true. 

]  6.  Shew  when  that  part  of  the  equation  of  time  which  arises 
from  the  obliquity  is  additive  or  subtractive. 

17*  The  orbits  of  the  Earth  and  planets  being  circles,  shew  when 
an  inferior  or  superior  planet  will  appear  stationary,  when  to  be  moving 
direct,  and  when  retrograde. 

18.  Explain  the  Moon's  librations  in  longitude  and  latitude,  and 
^uxsount  for  them. 

19.  Compute  the  time  of  a  solar  eclipse  at  a  given  place. 

20.  Explain  fully  the  process  of  finding  the  longitude  by  observing 
the  distance  between  the  Moon  and  the  Sun  or  a  fixed  star. 

2 1 .  Explain  the  stereographic  projection  of  the  sphere ;  and  shew 
that  the  angle  between  any  two  circles  on  the  surface  of  the  sphere  is 
the  same  as  that  between  their  stereographic  projections. 

22.  An  horizontal  dial  constructed  for  latitude  /  is  fixed  in  a  place 
whose  latitude  is  /  +  0,  0  being  small  when  compared  with  I :  find 
the  correction,  which  must  be  applied  to  the  time  shewn  by  the  dial, 
in  order  to  obtain  the  true  apparent  time. 


[SUPF.  P.  II.3  M 
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CONIC    SECTIONS. 

TRINITY  COLLEGE,  182L    . 

L  Explain  the  method  of  indiviablefl,  and  compare  the  area  of 
a  parabola  with  that  of  the  cizcumacribing  pandlelogramj  hy  that 
method. 

2.  Prove  that  the  ultimate  ratio  of  the  diordi  arcj  and  tangent,  is 
a  ratio  of  equality. 

3.  Shew  that  the  curvature  of  the  semi-cubical  parabola  is  infU 
nitelj  greater,  and  that  of  the  cubical  parabola  infinitely  less,  than 
that  of  the  common  parabola. 

4f,  Compare  the  forces  to  two  points  within  a  circle,  the  periodic 
tiroes  being  supposed  different. 

5.  Find  the  variation  of  the  force  when  the  body  moves  in  an 
ellipse,  the  force  acting  in  a  direction  parallel  to  the  ordinates. 

6.  Find  the  horizontal  velocity  in  a  cycloid,  when  the  force  acts 
parallel  to  the  axis. 

7.  When  is  the  paracentric  velocity  a  maximum  ?  In  what  potiit 
of  all  conic  sections  is  it  so  ?  Does  it  admit  of  a  maximum  in  a  dzde, 
the  centre  of  force  being  in  the  drcumferenoe  ? 

8.  Shew  fully  that  if  a  body  move  in  a  logarithmic  spiral,  tlie 

force  ^  j^i  ftnd  compare  the  time  of  describing  this  spiral  with  that 

of  describing  a  circle  at  distance  SP. . 

9.  Investigate  the  relation  between  the  centripetal  and  centrifugal 
forces,  the  equation  to  the  curve  in  which  they  are  equal,  and  the  law^ 
of  force  by  which  it  will  be  described* 

10.  Shew  that  round  different  centres,  the  periodic  times  in  all 

VCabs.  force)' 
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11.  Required  the  law  of  force  in  a  parabola. 

12.  Determine  that  point  in  an  ellipse^  force  in  focus,  in  which 
the  velocity  b  an  arithmetic  mean,  and  also  the  point  in  which  it  is 
a  geometric  mean,  between  the  velocities  at  the  greatest  and  least 
distances, 

IS.    Force   of    gravity  oc  j^  given  the  periodic  time  of  the 

Moon,  and  h^  distance  from  the  Earth ;  yequiied  how  fat  a  body 
falls  in  r  at  the  Earth's  surface. 

14.  The  rectangle  contained  by  two  perpendieulai^  drawn  ftom 
the  foci  of  an  ellipse  to  the  tangent  at  any  point,  is  equal  to  the  square 
of  the  semi-axis  minor. 

15.  To  draw  a  tangent  to  any  conic  section  ftom  a  given  point 
without^  which  is  not  the  centre  of  the  hyperbola. 

16.  In  an  ellipse  whose  eccentricity  is  small,  the  increment  of  the 
radius  vector,  in  moving  from  the  extremity  of  the  axis  minor  to  that 
of  the  axis  major,  varies  as  the  square  of  the  sine  of  the  angle  through 
which  it  has  passed. 

17*  To  find  the  curve  that  cuts  any  number  of  similar  concentric 
ellipses  at  right  angles. 


TRINITY  COLLEGE,  1821. 

1.  Statb  ihe  reasonings  by  which  the  following  propositions  are 
established : 

(1).  That  the  planeu  with  their  satellites  gravitate  to  the 
Sun ;  the  satellites  to  their  planets,  and  the  Moon  to  the  Earth. 

(2).  That  the  force  acting  on  the  same  body  in  difierent  ports 
of  its  orbit,  and  on  diiferent  bodies  in  different  orbits,  round  the 
same  centre  of  force,  varies  inversely  as  the  square  of  the  dis- 
tance ftom  that  centre, 

2.  Prove  from  the  equations  X-\"^^0,  and  F+-r|  =  0, 

that  equal  areas  can  only  be  described  in  equal  times  round  a  point, 
when  the  forces  acting  on  thebody  tend  to  that  point 
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3.  If  the  force  vary  as -,  find  the  time  of  fallinff  into  the 

(Dist.)* 
centi^. 

4.  If  a  chain  of  great  length  he  suspended  at  the  top,  its  lower 
end  touching  the  earth,  and  then  he  let  fall,  find  the  velocity  oi  the 
chain. 

5.  Find  the  velocity  and  time  of  a  body's  descending  in  an  evan- 
escent ellipse  towards  the  centre  of  force  placed  in  the  focus ;  and 
supposing  two  bodies  to  descend,  one  in  an  evanescent  ellipse,  and  the 
other  in  a  right  line,  how  will  each  move  after  it  has  reached  the 
centre? 

6.  If  BDA  he  a  parabolic  arc  described  by  a  comet  round  the 
Sun  in  the  focus  C,  and  P  equal  the  periodic  time  of  the  Earth, 
her  mean  distance  being  1 ;  then  the  time  of  the  comet's  describing 

the  arc  BDA  =:  j£  {(a+  6  +  c)*-  (a+  &  -  c)*}. 

7.  If  two  bodies  moving,  the  one  in  a  curve  round,  and  the  other 
in  a  straight  line  passbg  through  the  centre  of  force,  have  equal 
velodties  at  any  the  same  distance  from  the  centre,  they  will  have 
equal  velocities  at  all  other  equal  distances. 

8.  If  the  force  vary  as 


(Di8t)« 

a  =  distance  of  projection  from  the  centre, 
P  sss  perpendicular  on  this  direction, 
velocity  of  projection  ==  velocity  ^n  a  circle  at  that  distance  X  q  ^2, 
X  =  radius  vector, 
6  =  angle  described. 

Then  prove  that  49  =  — -. .      ^     — r-^i  and  shew 

that  this  is  an  equation  to  a  conic  section. 

p.  In  Prop.  45  it  is  said,  that  orbits  have  the  same  figaie  when 
the  forces  by  which  they  are  described  are  made  proportional  at  equal 
distances :  Prove  this ;  and  shew  that  no  curve  described  by  a  foroe 
varying  as  any  power  of  the  distance^  can  have  mor^  than  two  dif- 
ferent values  of  the  apodal  distance. 

Digitized  by  VjOOQIC 


Co//.  1821  •]  IN   NBWTON,   &c.  165 

10.  If  the  force  be  constant,  and  the  eccentricity  of  the  orbit  in- 
definitely great,  prove  that  .the  angle  between  Uie  apsides  =  9^. 

11.  Prove  that  the  time  down  any  arc  of  a  hypocydoid,  beginning 
from  the  highest  point,  is  proportional  to  the  arc  of  the  generating 
cirde  which  is  cat  off  by  the  string. 

12.  If  a  body,  urged  by  a  centripetal  force,  move  on  a  curve 
surface ,' whose  axis  passes  through  the  centre  of  force,  and  if  the 
path  described  by  the  body  be  projected  on  a  plane  perpendicular  to 
the  axis,  shew  4hat  the  projected  area  is  proportional  to  the  time. 

13.  If  a  body  oscillating  in  a  very  small  circular  arc,  have  a  vexy 
small  motion  communicated  to  it,  when  it  is  at  its  highest  point,  in  a 
direction  perpendicular  to  the  plane  of  vibration,  shew  that  it  will 
describe  a  curve  differing  insensibly  from  an  ellipse,  and  that  its  oscil- 
lations will  be  very  nearly  isochronous. 

14.  Let  P  and  p  denote  the  periodic  times  of  a  planet,  and  its 
sateUite  respectively  s  the  sine  of  the  angle  under  which,  at  the  planet's 
mean  distance  from  the  Sun,  the  mean  radius  of  the  satellite's  orbit 
is  seen,  then  the  quantity  of  matter  in  the  planet,  is  equal  to 

*3 .  "T  +  ( '^  •  -J  I  nearly,  the  Sun's  ibass  being  1. 
# 

15.  Find  the  effect  of  the  Moon  in  disturbing  the  motion  of  the 
Earth  round  the  Sun,  and  shew  that  the  force,  urging  the  centre  of 
gravity  of  the  Earth  and  Moon  towards  the  Sun,  follows  much  more 
nearly  the  law  of  the  inverse  square  of  the  distance  than  that 
which  urges  either  of  those  bodies. 

16.  From  the  mean  angular  motion  of  the  nodes  of  the  Moon's 
orbit,  deduce  those  of  the  satellites  of  Jupiter. 

17.  If  a  corpuscle  be  placed  any  where  within  a  hollow  cylinder, 
extended  infinitely  both  ways  in  the  direction  of  its  axis,  the  attraction 

to  each  particle  varying  as  /qT-t^^  prove  that  it  wiU  .remain  at 

rest 

18.  If  in  an  oblate  spheroid  of  small  eccentricity  i  be  the  polar 
radius,  i  +  c  the  equatoreali  and  f  the  angle  which  a  semidiameter 
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makes  with  the  axis;  shew  that  the  attraction  am  a  point  at  the  ex- 
tremity of  this  semidiameter  is  equal  to  —  •{  ^  +  1^  (*  ""  ■*°"*  ^)  j" 

19.  If  a  corpusde  of  light,  moving  in  a  given  direction,  with  m 
given  velocity,  be  attracted  towards  a  refracting  medium  terminated 
by  a  plane  surface,  by  a  force  varying  according  to  any  power  of  the 
distance  from  it,  find  the  equation  to  the  curve  which  it  describes,  and 
shew  that  the  sine  of  the  angle  of  incidence  is  to  the  sine  of  the  angle 
of  refraction  in  a  given  ratio. 

.  20.  If  the  Earth  were  an  homogeneous  fluid  mass,  revolving 
round  her  axis,  and  gravity  tended  to  the  centre,  and  varied  as  the 
distance  from  it,  prove  on  Newton's  principle  of  all  columns  extending 
from  the  centre  to  the  surface  being  in  equilibrium,  that  her  figure 
must  be  that  of  an  oUate  spheroid. 


TRINITY  COLLEGE,  18««. 

1.  'BxPhATH  the  principles  of  the  methods  of  eshanstionfl,  indU 
visibles,  and  limits.  State  accurately  the  meaning  of  the  exprBsaum 
"  ultimse  quantitates,'*  as  used  by  Newton ;  and  show  that  the  results 
he  obtains  by  the  system  of  limits  are  not  approximately  bat  strictly 
true. 

2.  Determme  Ist,  By  the  method  of  Exhaustions  the  value  of 
the  area  of  a  circle,  2dly.,  By  the  method  of  IndiviaUes  the 
ratio  between  a  sphere  and  its  circumscribing  cylinder.  3dly.,  By 
that  of  Limits  the  ratio  between  a  cone  and  its  circumscribing  cy- 
linder. 

3 .  (1).  Define  accurately  the  circle  of  curvature. 

(2).  PT  being  the  tangent  to  any  curve  Pft  at  P,  and  PF  a 
straight  line  drawn>  making  any  finite  angle  with  PT,  determine 
the  curve  FK  whose  intersectidn  with  PFin  V,  shall  cut  off  PF 
a  chord  of  the  circle  of  curvature. 

(3).  Show  that  the  direction  with  which  F  cuts  or  touches 
PF  determines  the  degree  of  contact  between  PQ  and  its  cirde 
of  curvature  :«-and  that  there  may  be  an  indefinite  number  of 
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curves  touching  at  P,  to  which  the  circle  of  which  PV  is  a  chord 
will  be  the  circle  of  curvature. 
(4).  Prove  that  when  PQ  is  a  parabola,  FK  is  a  straight  line. 

4.  '^  The  areas  round  a  oentre  of  force  are  in  the  same  plane,  and 
proportional  to  the  times."  Prove  the  proposition.  Explain  the  dif- 
ference  which  in  the  change  from  polygonal  to  curvilinear  motion 
takes  place  in  the  effect  of  the  centripetal  force  ;«— and  show  that, 
notwithstanding  this  difference,  BF,  (the  diagonal  of  the  parallelo- 
gram AC,)  may  stiU  be  used  as  a  proportionate  measure  of  it. 

5.  At^similar  points  in  similar  curves  described  round  a  centre  of 

A  Si 
force  nmilarly  placed,  F  a  -^,  P  being  the  periodic  tima 

6.  When  F  oc  .         ,  the  latera  recta  of  the  orbits  described 

-  .      .„       (areas d.  t.)«       , 

round  it  will  oc  ^- — ji —>  and 

abs.  force 

the  velocitie.  «  V(;*t.rectX,b..f«rce), 
X'  oa  the  tangent 

7.  Investigate  the  equation  JF*  =s :^ru  (where  m  =  16^  feet), 

and  explain  to  what  units  F  and  V  are  referred  in  this  and  similar 
equations. 

8.  Prop.  X.  Cor.  1.  *^  Si  vis  sit  ut  distantia  movebitur  corpus  in 
ellipsi  centrum  habente  in  centre  virium."  Given  the  velocity  and 
direction  of  a  projectile  attracted  by  such  a  centre  of  force,  construct 
the  curve  it  will  desaibe,  and  show  from  the  construction  that  what* 
ever  be  the  velocity,  the  curve  will  still  be  an  ellipse. 

9.  Prop.  xiii.  Cor.  1.  '^  Si  corpus  aliquod  quacunque  cum  velo- 
citate  exeat  de  loco  P,  et  vi  centripeti  simul  agitetur  qus  sit  reciproc^ 
ut  quadratum  distantis,  movebitur  hoc  corpus  in  aliqu&  Sectionum 
Conicarum  umbilicum  habente  in  oentro  virium."  Construet  the 
curve;  and  shew  from  the  construction  that  according  to  the  ve- 
locity of  projection,  the  curve  will  be  an  eUipse,  a  pal^boh,  of  an 
hyperbola. 

10.  Determine  the  law  of  vai'lation  of  the  angular  velocity  in 
any  curve;  and  compare  the  diiguW  velocity  at  any  point  in  the 
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ellipse^  (force  in  the  focus,)  with  the  angular  velocity  in  a  circle  at  the 
same  distance. 

11.  If  an  n^  part  of  the  Earth  were  taken  away^  what  change 
would  be  produced  in  the  Moon's  orbit?  and  in  what  ratio 
would  her  periodic  time  be  increased?  the  orbit  before  the  change 
being  supposed  circular.  Exemplify  in  the  cases  where  n  as  2,  or  is 
greater  or  less  than  2. 

Comes. 

1.  If  any  twoordinates  Q  Q^,  qcf  terminated  both  ways  by  the 
curve  of  a  parabola,  intersect  each  other  in  AT,  and  P,ph&  respect- 
ively their  parameters,  prove  that  QM ,  MCt  I  qM.Mtf  ::  P  I  p. 

2.  In  the  eUipse,  CD^=^SP7(.  HP. 

.  3.     Rectangle  under  the  abscissae  of  any  diameter  to  an  ellipse 

:  ord.« : :  CP» :  CD^. 

4h  Show  that  the  hyperbola  admits  an  asymptote :— -and  that,  if 
any  line  Rr  between  the  asymptotes  cut  tlie  curve  in  /?,  r  at  a  given 
angle,  the  rectangle  RP  X  Pr  will  be  invariable. 

5.  Any  section  of  a  paraboloid  not  perpendicular  to  the  base  is  an 
ellipse. 

6.  Show  that  the  shadow  of  the  circular  horizontal  rim  of  a 
lamp  traced  out  on  a  perpendicular  wall  is  an  hyperbola: — and  the 
height  of  the  flame  above  the  rim,  and  its  distance  from  the  wall 
being  given,  construct  the  hyperbola,  and  determine  its  major  and 
minor  axes. 


TRINITY  COLLEGE,  1828. 

1 .  If  a  right  cone  be  cut  by  a  plane  of  known  inclination  to  the 
axis,  find  the  equation  to  the  section,  and  shew  in  what  cases  the 
section  will  be  a  circle,  an  ellipse,  an  h3rperbola,  or  a  parabola. 

2.  A  parabola  and  an  ellipse  being  traced  upon  a  plane,  find 

(l).  The  axiB  of  the  former. 

(2).  The  centre  and  axes  of  the  latter. 
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3.  Prove  that  the  equation  to  an  ellipse,  when  referred  to  its  centre 
and  axes,  is 

And  shew  that  when  the  co-^nrdinates  are  transferred  to  any  system 
of  conjugate  diameters  2a^  and  Zb\  the  equation  will  hecome 

4.  In  the  ellipse  prove 

(1).  That  a«  +  6«  =  a'^  +  b'^. 

(2).  That  tangents  applied  at  the  extremities  of  conjugate 
diameters  will  form,  when  produced  to  meet,  a  parallelogram. 

(5).  That  the  areas  of  all  such  parallelograms  are  equal. 

5.  Find  the  equation  to  the  ellipse  when  referred  to  the  focus  and 
to  polar  co-ordinates ;  and  thence  deduce  the  polar  equation  to  the 
parahola. 

6.  Given  the  equation  to  the  hyperbola, 

i,ey«  -  6«x«  =:  —  a*b^, 

Shew  by  the  transformation  of  co-ordinates  that  when  the  hyperbola 

is  referred  to  its  asymptotes,  the  equation  becomes 

a«+  b^ 
ay=_- 

7.  If  two  straight  lines  intersect  within  any  conic  section,  prove 
that  the  rectangles  contained  by  the  corresponding  segments  will  be 
to  one  another  in  a  given  ratio. 


TRINITY  COLLEGE,  1823. 

1.  Statx  the  principle  on  which  is  founded  the  doctrine  of  prime 
and  ultimate  ratiot ;  and  determine  the  ultimate  ratio  of  an  hyperbo- 
loid  to  its  drcumsciibing  cylinder. 

2.  The  homologous  sides  of  similar  curvilinear  figures  are  pro* 
portional,  and  the  areas  are  in  the  duplicate  ratio  of  the  homologous 


3»    Prove  that  the  chord,  the  arc,  and  the  tangent,  in  curves  of 
continuous  curvature,  are  ultimately  equal. 
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4.  Define  force,  absolute  force,  accelerating  force,  centripetal,  and 
centrifugal  force ;  periodic  time.  What  is  meant  by  the  periodic  time 
of  a  body  moving  in  a  spiral? 

5.  The  velocities  at  any  points  in  the  orbit  of  a  body,  acted  on  by 
a  centripetal  force,  being  given,  to  find  the  centre  of  force. 

6.  (1).  If  a  body  describe  any  curve,  and  (p)  be  the  perpendi- 
cular from  the  centre  of  force  on  the  tangent  at  the  distance  (r), 

prove  that  the  centripetal  force  =  A«.  —-:  (A)  being  twice  the 

area  described  in  the  unit  of  time;  hence 

(2),  Find  the  value  of  the  force  in  the  ellipse  and  hyperbola 
about  the  focus. 

7«  The  direction  of  the  force  by  which  a  body  describes  a  parabola 
being  perpendicu]|ir  to  the  axis,  find  the  law  of  force. 

8.    A  body  being  supposed  to  move  in  the  logarithmic  spiral^ 

(1).  Find  the  space  PL  through  which  it  must  fall,  by  the 
action  of  the  force  at  P  continued  uniform,  to  acquire  the  veb- 
city  at  that  point,  and 

(2).  Shew  that  the  locus  of  the  point  L  is  also  a  logarithmic 
spiraL 

9*  Compare  the  velocity  of  a  body  moving  in  any  curve  with  its 
velocity  in  a  circle  at  the  same  dbtanoe  ;  and  prove  that  at  the  point 
where  these  velocities  are  equal  the  angle  contained  between  the  tan- 
gent and  radius  vector  is  a  minimum. 

10.  If  a  body  describe  an  ellipse  by  a  force  tending  to  the  centre, 
(1),  Find  the  law  of  force. 

(2).  The  actual  value  of  the  periodic  time; 

(8).  The  point  at  which  the  centripetal  and  centrifugal  foR»B 
are  equal :  and  prove  that  the  paracentric  velocity  at  the  same 
point  is  a  maximum. 

11.  If  a  body  describe  an  ellipse  about  the  focus,  and  at  any 
point  be  projected  with  its  velocity  at  that  point  in  the  contrary 
direction  to  the  force^  detenmne  how  far  the  body  will  recede  from 
the  centre* 
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12,  A  body  being  prqjeoted  from  a  giTen  poinfc  with  a  givfn  velo- 
city in  a  given  direction^  and  acted  on  by  a  given  force  varying 

as  rrrTTof  ^nd  the  elements  of  the  curve  which  is  described, 
(dist.)^ 

13.  The  force  by  which  a  body  describes  an  ellipse  being  sud- 
denly altered  in  any  given  ratio ;  required  the  alteration  produced  in 
the  orbit. 

I4h  (1).  The  path  of  a  body  moving  in  a  plane,  and  acted  on  by 
forces  in  that  plane,  being  referred  to  rectangular  co-ordinates, 
shew  that  the  equations  of  the  body's  motion  are 

X  and  Y  denoting  the  sum  of  the  forces  in  the  directions  (x)  and 
(y)  respectively. 
And  thence  prove 

(2).  That  when  the  body  is  acted  on  by  a  central  force,  the 
sectorial  areas  described  are  proportional  to  the  times. 


TRINITY  COLLEGE,  1824. 


1.  A  TANOSNT  to  a  parabola  at  any  point  bisects  the  angle 
contained  between  the  focal  distance^  and  a  perpendicular  on  the  di- 
rectrix. 

2.  If  any  two  chords  of  a  parabola  intersect  each  other,  either 
within  or  vrithout  the  curve>  the  rectangles  under  their  segments  are 
to  each  other  in  the  same  ratio  as  the  rectangles  under  the  segments 
of  any  other  diards  which  are  parallel  to  the  former* 

3.  If  PG  be  a  diameter  in  any  ellipse ;  CP,  CD  semi-conjugates^ 
and  QF  a  semi-ordinate  to  PG, 

PF.FG:  QF*::  CP^ :  cm 

4*    If  PF  be  a  perpendicular  from  P  m  CD^ 
PP.CD^AC.BC. 
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5.  If  n  be  a  normal  to  any  ellipse  whose  semi-axes  are  a,  i ;  and 
X  the  angle  at  which  it  cuts  the  major-axis, 

6.  In  any  conic  section,  the  radius  of  curvature  is  equal  to  the 
cube  of  the  normal  divided  by  the  square  of  half  the  latus  rectum. 


TRINITY  COLLEGE,  1824. 

1.  Describe  the  experiment  upon  the  collision  of  bodies  ^ven  in 
the  introduction,  which  tends  to  establish  the  law  according  to  which 
moving  force  communicates  motion. 

2.  State  the  ar^ments  which  Newton  employs  to  defend  hia 
method  of  prime  and  ultimate  ratios,  in  the  Scholium  to  the  first 
Section. 

3.  When  a  body  describes  a  curve  by  the  action  of  a  force  pn>- 
ceeding  from  a  fixed  centre,  the  areas  described  by  the  line  connecting 
the  body  with  the  centre,  are  in  the  same  fixed  plane,  and  are  pro 
portional  to  the  times. 

4.  If  V  be  the  velocity  of  a  body  at  any  point  acted  upon  by  any 
number  of  forces  F,  F^  &c.  in  the  same  plane,  and  c,  c\  &c.  be 
the  chords  of  the  circle  of  curvature  drawn  through  the  centres,  then 
will  t;«  s=  J  Fc  +  i  Fc'  +  &c 

5.  To  find  the  forces  which  must  act  upon  a  point,  so  that  it  may 
describe  the  arc  of  a  parabola  with  a  uniform  motion. 

6.  Calculate  the  greatest  possible  height  to  which  materials  could 
be  piled  up  above  the  surface  of  the  Earth,  in  any  given  latitude. 

7*  Construct  for  the  place  of  a  comet  in  its  parabolic  orUt  at 
any  assigned  distance  of  time  from  tlie  epoch  of  its  being  in  the  peri* 
helion. 

8.  Investigate  an  expression  for  the  velocity  of  a  body  moving  in 
an  ellipse  round  the  focus ;  and  shew,  from  the  nature  of  the  result, 
that  if  another  body  begin  to  move  freely  towards  the  centre,  from  a 
distance  equal  to  the  axis  major,  its  velocity  will  always  be  equal  to 
that  in  the  conic  section  at  the  same  distance  from  the  focus. 
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9.  Having  given  the  velocity,  distance,  and  direction  of  projection, 
and  supposing  the  force  to  remain  the  same  at  all  distances  from  the 
centre,  apply  the  principles  of  the  general  proposition  in  the  eighth 
Section,  to  find  the  equation  of  the  radius  vector  and  perpendicular 
upon  the  tangent  in  the  trajectory  described. 

10.  Deduce  the  apsldal  equation  of  the  curve  in  the  last  question 
by  making  ABFD  -  Z^  sr  0:  Prove  that  it  has  three  real  roots,  and 
shew*  to  what  part  of  the  trajectory  the  negative  apsidal  distance  must 
belong. 

11.  Shew  that  a  body  may  be  made  to  move  in  an  orbit  revolving 
round  a  centre  of  force  in  the  same  manner  as  another  body  moves  in 
a  similar  and  equal  orbit  at  rest. 

12.  Give  all  the  steps  of  the  method  by  which  Newton  proposes 
ta  trace  the  path  of  a  body  moving  on  a  curve  surface,  round  a  centre 
of  force  situated  in  the  axis. 

l.S.  If  any  number  of  bodies  be  acted  upon  only  by  their  mutual 
attractions,  their  centre  of  gravity  wiU  either  be  at  rest,  or  will  move 
uniformly  in  a  straight  line ;  and  the  whole  momentum  of  the  system 
estimated  in  a  given  direction  will  always  remain  the  same. 

14.  Suppose  a  central  body  to  attract  several  others,  and  to  be 
attracted  by  them,  according  to  the  law  of  gravity,  but  that  the 
mutual  attractions  of  the  bodies  are  neglected.  If  also,  the  bodies  be 
all  equal,  or  exceedingly  small,  compared  with  the  central  mass,  and 
are  launched  from  one  point  with  equal  velocities,  but  in  any  different 
directions,  prove 

(1).  that  they  will  all  describe  the  same  kind  of  conic  section  ; 
(2).  the  sections  will  all  have  the  same  axis  major ; 
(3).  if  the  bodies  do  return,  there  will  be  a  general  collision 
of  them  all,  at  the  end  of  the  same  given  time. 

15.  In  a  given  position  of  the  system  of  the  Sun,  Earth,  and 
Moon,  investigate  expressions  for 

(] ).  the  whole  force  in  the  direction  of  the  radius  vector  of 
the  Moon's  orbit  round  the  Earth; 

(2).  the  force  perpendicular  to  the  radius  vector  ; 

(3).  the  force  which  acts  at  right  angles  to  the  plane  of  the 
Moon's  orbit 
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16.  If  P  and  p  be  the  periodic  times  of  the  Earth  and  Moon^  and 
tt  be  the  Moon's  velocitj  in  quadratures ;  her  velocity  Vj  when  at  the 
angular  distance  6  from  quadratures,  maj  be  found  as  a  first  approx« 
imation from  this  proportion,  v  :  u  ::  S jp« 8in.9«  +  2 P«  :  2  P«. 

17.  Prove  that  whenever  the  disturbing  force  tends  to  elevate  the 
Moon  from  the  plane  of  the  ecliptic,  the  node  advances,  and  in  every 
other  case  retreats ;  but  that  the  preponderating  tendency  of  the 
node  on  the  avenge  of  a  whole  revolution  is  always  in  fisvour  li  its 

retreat. 

18.  The  precession  of  the  equinoxes  ii  explicable  on  the  same 
principles  as  the  motion  of  the  Moon's  nodes. 

19-  Supposmg  an  error  of  1'  in  the  Moon's  distance  ftom  a  star, 
a^given  by  the  tables,  what  would  be  the  conesponding  error  in 
longitude  at  the  equator  ?  Enumerate  the  principal  equations  to  the 
Moon's  motion,  which  have  been  furnished  by  the  theory  of  universal 
gravitation. 

20.  If  equal  centripetal  forces  tend  to  all  the  pmnts  of  a  spherkal 
superficies,  but  decrease  as  the  squares  of  the  distances  increase;  pvove 
that  a  particle  situated  within  the  superficies  will  remain  nnaffiscted  by 
their  attractions. 

21.  Calculate  the  deviation  of  the  plumlUine  from  the  vertical, 
when  a  particle  at  its  extremity  is  attracted  to  a  given  adjacent  ^he- 
rical  mass  at  the  Earth's  surface,  the  law  of  attraction  being  that  of 
the  inverse  square  of  the  distance. 

22.  If  two  similar  mediums  are  separated  from  each  other  by  a 
sjpace  terminated  on  each  side  by  parallel  planes,  and  a  body  in  its 
transit  through  this  space  is  attracted  or  impelled  perpendicularly 
towards  either  medium,  and  is  not  agitated  or  hindered  by  any 
other  force;  and  the  attraction  is  everywhere  the  same  at  equal 
distances  from  either  plane,  taken  towards  the  same  side  of  the 
plane,  prove  that  the  velocity  of  the  body  before  incidence  is  to  its 
velocity  after  emergence,  as  the  sine  of  emergence  to  the  sme  of  in- 
cidence. 
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TRINITY  COLLEGE,  1826. 

1.  Define  similar  curves,  and  prove  catenaries  to  be  similar. 

2.  A  body  urged  by  a  central  force  describes  an  arc  of  a  curve ; 
find  the  velocity  of  the  point  in  which  the  radius  vector  intersects 
the  chord  of  this  arc ;  and  determine  at  what  point  this  velocity  is  a 
maximum  and  minimum. 

3.  The  times  of  describing  all  parabolic  arcs  which  are  cut  off 
fnmi  different  parabolas  having  a  common  focus  by  chords  passing 
through  it,  are  to  one  another  in  the  sesquiplicate  ratio  of  those 
chords. 

4.  Find  how  far  a  body  must  fall  externally  to  acquire  the 
velocity  in  an  ellipse,  both  when  the  centre  of  force  is  in  the  focus, 
and  when  it  is  in  the  centre  of  the  ellipse. 

5.  If  a  circle  be  always  described  passmg  through  the  place  of  a 
oomet  in  its  parabolic  orbit,  and  through  the  vertex  and  focus,  prove 
that  the  centre  of  this  circle  will  have  an  uniform  motion  along  a 
line  which  bisects  at  right  angles  the  perihelion  distance.  Determine 
also  the  velocity  of  this  motion. 

6.  A  body  projected  in  a  given  direction,  with  a  given  velocity, 
and  acted  on  by  the  interrupted  impulsive  action  of  a  deflecting  force, 
describes  equal  areas  in  equal  times  round  a  certain  point :  prove  that 
the  force  tends  to  this  point,  and  determine  its  measure,  supposing 
the  force  to  act  not  at  intervals  but  continuously. 

7*    Prove  Prop.  39$  and  its  Corollaries. 

8.     If  the  force  a  y^.     ,  and  the  velocity  of  projection  be  greater 

than  that  in  a  circle,  find  within  what  limits  the  angles  of  projection 
must  lie  that  the  curves  may  continue  of  the  same  species. 

9*    The  difference  of  the  forces  by  which  a  body  may  be  made  to 

move  in  the  quiescent  and  in  the  moveable  orbit  oc  =y — ^  from  the 
centre. 


Digitized  by  VjOOQIC 


176    '  BXAMINATION  PAFBR8  [7Wlt. 

10.  If  the  force  oc -j^ ,  find  the  angle  between  the  apddes 

in  orbits  nearly  circular. 

11.  Find  the  time  of  a  body  oflcillating  in  a  hypocydoid;  loid 
hence  deduce  the  time  of  oscillatum  in  a  common  cycloid. 

12.  A  sphere  fixed  to  the  extremity  of  a  rod  of  inoonaiderafale 
thickness  oscillates  in  a  circle  round  its  other  extremity^  the  i 


being  acted  on  by  a  force  which  oc  =r: — ^,  and  tends  to  a  point 
within  the  circle ;  find  the  time  of  a  small  oscillation. 

13.  Find  the  deflection  of  the  Moon  in  l'^  of  time  towards  the 
Earthy  taking  into  account  the  Sun's  disturbbg  force,  the  quantity 
of  matter  in  the  Moon»  and  the  oentriiugal  force  arising  from  the 
rotation  of  the  Earth  round  its  axis. 

1 4.  Two  spheres  composed  of  concentric  layers  of  difierent  density 
will  attract  one  another  with  moving  forces,  which  vary  as  the  pro- 
duct of  their  masses  directly  and  as  the  squares  of  their  distances 
inversely. 

15.  Shew  that  the  mean  value  of  the  addititious  force  is  nearly 
— -  of  the  Moon's  gravity. 

16.  Shew  that  the  problem  of  the  three  bodies  depends  for  its 
solution  on  the  integration  of  the  equation 


<*'  +  2/^'^«) 


and  give  the  different  steps  of  lihe  solution  and  the  mode  of  excluding 
all  terms  which  are  not  periodical  from  the  value  of  the  radius  vector. 

17*  Explain  Clairaut's  method  for  determining  the  progression 
of  the  lunar  apogee,  the  cause  of  his  first  erroneous  result,  and  the 
method  of  correcting  it* 

18.  Shew  that  there  are  two  forms  of  a  fluid  spheroid  revolTing 
round  its  axis  which  are  those  of  equilibrium. 
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TRINITY  COLLEGE;  1887. 

1.    Stata  ihe  nature  of  tlie  angles  of  contact  supposed  by  ^ewlbn 
in  his  reasonings  of  the  1st  Section^  and  shew  that,  between  a  oom- 
mon  parabola  and  its  tangent,  an  infinite  series  of  parabolas  of  a 
Mgher  order  may  be  inserted ;  each  being  infinitely  nearer  to  the  * 
tangent^  towards  the  point  of  contact,  than  the  one  which  precedes  it; 

d.    The  ^Mces  which  a.  body  describes  by  the.  action  of  a  finite 
force  are,  at  the  first  instant  of  motion,  jn  the  duplicate,  ratio  of  tbe» 
times.     Prove  this,  and  point  out  the  case  in  which  the  proposition, 
is  true  without  the  limitation. 

S.  Havmg  given  the  force  by  which  a  body  revolves  in  a  given 
circle  round  a  given  point  within  it,  determine  the  force  by  which 
a  body  may  describe  the  same  circle  round  another  given  point,  in  a 
period  which  bears  to  that  of  the  first  a  given  ratio. 

4.  Calculate  from  Newton  expressions  for  the  velocity  at  any 
pomt  of  the  orbit,  when  a  body  revolves  in  an  ellipse,  hyperbpH  or, 
parabola. 

5.  If  a  body  be  projected  in  any  direction  with  a  given  velocity, 
and  acted  on  by  a  central  force,  which  is  as  some  function  of  the 
distance,  its  Velocity  at  any  distance  is.  independent  of.  the  path 
dewribed. 

6.  A  body  moves  upon  a  plane  curve ;  find  the  pressure  upon  it. 
7'     Find  the  least  velocity  which  will  cause  a  body  to  reach  the- 

Moon  if  projected  directly  towards  it  from  the  Earth,  and  acted  on 
by  lunar  s^nd  terrestrial  gravity. 

8.  Having  given  the  radhis  of  the  Earth,  conndered  spherical, 
the  time  of  its  rotation  round,  its  axis,  and  primitive  gravity  at  its 
surface ;  find  the  sensible  gravity  at  any  point  whose  latitude  is  x. 
Also  the  centrifugal  force  at  the  equator  being  now  ^^  th  part  of 
primitive  gravity ;  find  how  much  the  rotation  of  the  Earth  must  be 
increased  in  order  that  bodies  in  latitude  60^  may  cease  to  gravitate 
towsprdsit 

9*  Find  the  force  by  which  a  body  may  be  made  to  describe  a 
lemniscata,  whose  equation  is  «^  ss  a^.co6.2(^,  round  a  centre  of  force; 

[Svpp.  P.  II.]  N 
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in  the  nodas,  and  shew  that  the  time  of  describing  one  of  the  ovals 
where  ^  a  for6e  at  dutaaoe  as  1. 


10»    A  bod/  is  projected  with  a  velocity  equal  to  that  fram 

infinity,  and  acted  on  by  a  force  which  varies  as  — :  determine  the 

nature  of  the  figure  described^  when  u  is  greater,  and  also  when 
lets  than  8.  . 

11.  £xpUin  fully  the  method  employed  by  Newton  to  determine 
the  motion  of  the  apsld^  -fn  orbits  which  are  rery  nearly  dicular. 
Prop.  45. 

12*    If  the  angle  between  the  i^ddes  a  180°  y^    ,  y     )  ; 

prove  the  force  to  vary  as  r • 

15.  A  body  acted  on  by  gravity  moves  on  die  suifaoe  of  a  sphere 
in  a  path  whidi  is  nearly  a  circle.  Find  die  horizontal  angle  be- 
tween the  apsides. 

14*.  A  body  is  attracted  towards  a  centre  of  force  whose  intenaty 
varies  as  the  distance.    Find  all  the  tautochronous  lines. 

15^  Two  bodies  M  and  m,  oonsasting.of  equal  partiiAes  of  mMet^ 
attracting  each  other  with  forces  which  are  inversely  as  the  squans 
of  the  distance,  move  round  each  otbor,  affected  only  by  their  mutual 

gravitation : 

(1).  Explain  the  circumstanoes  of  their  motion. 

(2).  Shew  that  the  time  of  m's  revolution  =»  ■  .^ r--» 

^/{M  +  m) 
where  a  ss  the  mean  distance  of  m's  orbit. 

16.  Shew  the  effects  produced  by  the  disturbing  forces  on  the 
excentricity  of  Ps  orbit^  when  the  apsides  are  in  quadratures,  and 
when  they  are  in  syzygies.     Prop.  66,  Cor.  9. 

17*  If  the  force  on  a  body  describing  an  ellipse  round- the  foeoa 
be  increased  or  diminished  by  a  small  quantify ;  find  the  altcratkm 
produced  in  the  elements  of  the  orbit,  and  in  the  periodic  i 
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18.    If  ^  QC  ~,  und  a  particle  of  matter  be  placed  without  a 

spherical  superficies^  it  will  he  attracted  towards  the  centre  with  a 
force  which  is  proportional  to  the  inverse  square  of  the  dbtance 
from  It    Prop.  90, 

19*  The  semi-axes  of  an  oblate  spheroid  of  small  excentricity 
are  b  and  b  +  c,  and  the  angle  between  the  major  axis^  and  a  line 
drawn  from  the  centre  of  the  sphetoid  to  a,  point  on  its  suHkce  ss  ^ , 
Shew  that  the  attraction  of  the  spheroid  on  a  particle  placed  ib  that 

to.  Find  the  detiatlou  of  the  phimK-Une  from  the  tertleal,  when 
a  particle  suspended  at  its  extremity  is  attracted  towards  a  giten 
homogencoas  iphani ;  die  length  of  the  pendolum  Uang  inecmsider. 
abUi  eompated  with  the  distaaee,  whieh  is  glvfn>  betwani  the  atiraeu 
ing  sphere  and  the  point  of  suspensiofi. 

ConJc  Seetkmi* 

I.  A  t^'itk  is  cut  by  a  plane.  Determine  the  cases  in  which 
the  Section  will  be  a  parabola^  an  ellipse,  and  a  hyperbola  respec* 
tively. 

S.    To  find  die  focus  of  a  given  parabola. 

3.  The  perpendiculars  from  the  foci  upon  any  tangent  to  an 
ellipse  intersect  the  tangent  in  the  circumfdrence  of  a  circle  whose 
diameter  is  the  axis  major.  Prove  this;  state  the  corresponding 
proposition  with  respect  to  the  parabola,  and  shew  that  It  may  be 
dedttoed  from  it. 

4.  In  the  ellipse  the  rectangle  by  the  normal  PO  and  the  per- 
pendicular PGF  upon  the  conjugate  diameter  is  equal  to  the  square 
of  half  the  minor  axis^ 

5.  If  any  number  of  tangents  be  placed  roimd  an  ellipse  so  as  to 
form  a  polygon,  the  continued  products  of  the  alternate  segments 
of  the  iides^  made  by  the  pdnts  of  contact,  are  equal. 

6.  If  tangents  be  drawn  at  the  vertices  of  four  conjugate  hyper- 
bolas, the  diagonals  of  the  rectangle  so  formed  are  asymptotes  to  the 
four  curves. 

N  ft 
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TRINITY  COLLEGE,  May  18SJ. 

1.  Thb  straight  line^  which  hisects  the  angle  contained  hy  the 
radiys  vector  SP9  and  the  perpendicular  from  P  a^tbe  direptrix,  is 
a  tangent  to  the  parabola. 

2.  In  a  parahbli^  the  rectangle  contained  hj  the  parameter  to 
any  diameter  and  the  ahadssa^  is  equal  to  the  actuate  of  the  ordinate. 

d.  If  the  nomial  to  any  point  P  of  a  parabola  he  prodoeed  to 
meet  a  perpendicular  to  the  axis  at. the  extremity  of  the  «ihtangent 
in  ^  point  0»  then  will  PO  he  equal  to  ihe  radius  of  carvatore 
at  P. 

4.  In  ftn  ellipse  the  rectan^^  contained  hy  the  ahscisses  of  the 
axis  major  is  to  the  square  of  the  ordinate,  as  the  aqoaie  of  the  axia 
major  to  the  square  of  the  axis  minor. 

5.  In  the  ellipse  SPx  HP^  CD*. 

6.  In  the  ellipse,  if  there  be  drawn  two  stndght  lines  KL  and 
MN,  intersecting  one  another  at  right  angles  in  the  pcdnt  0,  a^d 
parallel  to  the  axis  major,  and  axis  minor  respectively ;  then  will 

K»  +  LO^  +  MO^  +  NO*  =  2  JC«  +  2BC^ 

7.  In  the  hyperbola,  the  semi-axis  major  CA  istL  mean  -propor- 
tional between  the  abscissa  CM,  and  the  distance  £77*. 

8.  If  a  straight  line  touching  an  hyperbola  in  a  point  P,  be 
produced  to  meet  the  asymptotes  in  K  and  A  tl^e^  triangle  CKL  is  a 
constant  magnitude. 

9.  The  sections  of  two  similar  and  concentric  mpd  nmikrly 
situated  spheroids,  made  by  the  same  plane,  are  similar  and  con- 
centric ellipses,  similarly  situitted. 

10.  Prove  that  the  ultimate  ratio  of  the  ar^  chord»  and  taagoit 
is  the  ratio  of  equality.  Is,  or  is  not  this  idready  assumed  as  true 
for  milar  figures  ? 

11.  A  body  projected  from  a  given  pmnt»  in  a  given  diiwstioii, 
and  with  a  given  velocity^  will^  if  referred  to  another  given  point, 
describe  the  same  area  in  the  same  time,  wh^er  it  be,  or  he  not 
acted  on,  by  a  force  tending  to  that  point.  * 
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12«    Prove  the  fbUowing  expcesfions  tot  the  foite  octiDg  on  ft 
bod  J  moving  in  a  curve : 

0):/-*^ 

(2).  /=  ^^' where  <  =  2  are*  in  1" 


«r«  X  PF 


13.  Apjdij  th&  second  oF  the  above  exprewions  when  a  body 
'revolves  in  an  ellipse  both  round  the  centre^  and  round  the  focus. 

,  14.  If  the  force  qc  distance,  abody  wilt  describe  an  ellipse,  or  a 
circle  whose  centre  coincides  with  the  centre  of  force.  Cor«  1. 
Prop.  x« 

15.  .  Find  an  expression  for  the  angular  velocity  in. any  curve; 
and  explain  the  nature  and  origin  of  what  is  called  centrifugal  force : 

deduce  also  this  expression  for  it's  value,  vir.  -^^ 

16«  The  velocity  in  any  conic  section,  the  feroQ  being  in  ^ 
Akus^  it  ■  '  J^  '*  where  I  ss  latus  rectipn. 

17.  Give  Newton's  construction  for  determining  the  conic  section 
that  win  be  described,  when  the  force  s  rr— ,  and  a  body  is  pro- 
jected from  a  given  point,  in  a  given  direction  and  with  a  given 
velocity.    Prop,  xvii^ 

18.  .Investigate  the  equation  ^  -f  »  —  -rj-j  =:  0,  and  apply , it 

to  determine  the  law  of  foroe  in  a  circle,  the  centre  of  fbrce  being 
in  the  circuinference«  . 
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TRINITY  COLLEGE,  Mat  1831. 

1.  How  &r  mu9t  a  body  &11  exieiiiaify  to  acquire  the  velocity 
in  the  three  conic  sections,  the  force  being  in  die  focus  ? 

2.  Prove  that  the  time  of  describing  the  aa|^  ASP  in  an  ellipse 
is  equal  to 

VC-^)»'{('.?)-<+9+rlK'+?)-'4 

when  «i  as  fora^  «t  dislanGe  1«  X)  3Ba  i<iS,  6  a  Y^^  aod  ( B  tan.*^ 

8.    If  the  loroe  a  t-Tj^  and  the  velocity  of  projection  be  greats 
than  that  from  infinity,  give  Newton's  construction  for  the  curvii 

*•    If  the  force  QC  jj— ;>  wid  ^^  velocity  of  proJQction  be  that 

from  infinity,  find  the  equation  to  the  curve  described.. 

5.     Explain  fully  Newton's  method  of  finding  the  angle  between 
the  apades  In  orbits  nearly  elMular  i  and  a^ply  U  to  ttte  ease  wliere 


theforcers T~.    What  b  the  reason  of  the  dUbreBtftardi^ 

A^ 

n*ilta  ataotding  as  7  i«k  QC  is  not  tdEOii  e^ual  ti»  U 

&  If  tbe  fom  QC  dbL\  mi  a  body  boprqleQlad  fioia  aa  apiUU 
distance  jR^  with  a  velocity  such,  that  its  square  =s  (1  —  e)  X  velocity^ 
in  a  circle,  the  equation  to  the  curve  described  will  be 

where  or  as  A  —  r,  and  x  and  e  are  very  small  quantities  of  the  same 
Iffddp;  and  the  squares  and  prodiiols  of  Atm  an  Mgfectedi 

7.  To  find  the  time  in  which  a  body  oscillates  in  a  giten  hypo« 
cycloid. 

8.  If  a  body  be  projected  from  a  given  point,  with  ik  given 
velocity,  and  be  acted  on  by  forces  X,  Y,  Z  in  the  direction  of  three 
rectangular  co-ordinates ;  then  will  the  velocity  at  any  ddi^r  point 
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Iw  tlM  wun%  wlistever  be  tb^  pAth  detcri1)ed«  pvovidfid 

Xdx  +  F(fy  +  Zrfz 
be  an  extct  differential  of  a  function  of  tbree  variables. 

Shitw  that  this  will  be  the  case  when  the  forces  acting  on  the 
body  tend  to  fixed  centres,  end  Vary  as  en  jr  functions  of  the  distances. 

9*  If  a  body  revolve  in  an*  Elliptic  groove  acted  on  by  forces 
tending  to  the  fod^  and  to  the  centre,  the  two  former  varying 
inversely  as  the  square  of,  and  the  third  directly  as  the  distance : 
find  the  pressure  at  any  point.  Prove  also  lihei  if  Iftio  square  at  the 
veloeky  of  projection  be  equal  to  the  sum  of  the  sqneret  of  the 
velocities  which  the  body  ought  to  have  to  revolve  freely  round  the 
three  centres  of  force  taken  separalely,  it  wHl  revolve  round  them 
freely  when  taken  conjointly* 

10.  If  a  body  be  ptojeetedi  el  a  mall  eo^  of  elevation^  in  a 
medium  where  the  resasCanee  varies  as  (veloci^S  and  gravity  be 
constant,  find  the  eqoatkm  to  the  curve  desoribed. 

11.  Find  the  law  of  resistance  and  dennty,  that  a  body  acted  on 
by  a  force  tending  to  a  fixed  centre,  and  varying  according  to  any 
power  of  the  distance,  may  describe  a  given  cupe.  Apply  the  result 
to  the  ellipse,  the  centre  of  force  being  in  tihe  fbens. 

12.  Let  there  be  two  concentric  spheres,  the  particles  of  which 
attract  with  forces  varying  as  any  power  of  the  distance ;  then  will 
the  attraction  of  the  inner  sphere  on  any  point  in  the  surface  of  the 
outer  :  attraction  of  the  outer  sphere  on  any  point  in  the  surfoce  of 
the  inner  : :  surface  of  the  inner  sphere  :  surface  of  the  outer. 

Also  the  actions  of  the  entire  spheres  on  the  surfaces  of  one 
another  will  be  equal. 

15.  Find  the  attraction  of  the  matter  contained  between  the 
surface  of  the  Earth  and  its  inscribed  sphere  on  points  in  the  polar 
and  equatorial  axis :  the  Earth  being  supposed  to  be  an  homogeneous 
oblate  spheroid  of  small  eccentricity. 

14.  If  q  de^kote  the  iftBo  of  tbe  centrifugal  fbroe  at  the  equator 
to  the  force  of  gravity,  prove  that  whatever  be  the  law  of  the  Earth's 

density,  its  dUipticity  must  lie  between  the  limits  ^  and  ^.    Shew 

also  that  NcWIea  WM  mkakeo  ixk  supfosiBg  tibal  »  greater  density 
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towards  the  centre  would  be  Booampanied  with  a  greater -d^rae  of 

oblateness. 

15.    If  the  attraction  to  every  particle  of  a  sphere  a  ...    ^,  then 

will  the  attraction  of  a  point  which  is  at  a  great  distance  fiom  it  in 

comparison  with  the  radius  of  the  sphere,  also  a  ■..    ^^.  — :r :"" 

oist.*  nom  tne  centre 

very  nearly. 

1&    Investigate  expressions  for thedbturUng  forces  of  the  Sua 
on  the  Moon,  their  orbite  heing  supposed  to  be  in  the  same  plane. 

'      ^     .  sidereal  month 

47-    Let  ».sss  - r $ 

sidereal  year 

9  s=  longitude  of  the  Moon, 

1  ss  force  of  gravity  an  the  Moon, 

1  ss  mean  radius  of  the  lunar  orbit, 

N  =  longitude  of  the  ascending  node^ 

(^  s  horary  motion  of  the  Moon, 

then  will  the  horary  motion  of  the  ascending  node. 

=s  —  3ii«0 .  8in.(d  —  N)  sin.(aO  —  N)  coe.(l  —  n)B  ; 

and  the  mean  motion  of  the  node  will 


4     V       2(4+Sw)J 


2(4+Sw)J 
18.    Prove  that  the  following  proper^  .belongs  exclusively  to  the 


law  of  nature,  where  gravitation  or  t; — j  ;  vir. 

That  if  the  magnitudes  of  all  the  bodies  in  the  universe,  thdr  mutual 
distances  and  velocities  were  increased  or  diminished  in  the  same 
proportion,  they  would  still  describe  curves  nmilar  to  those  which 
they  describe  now,  and  the  appearances  would  be  In  every  respect 
exactly  the  same. 


TftlNITY  COLLEGE,  Jvm  IBSft. 

1.    If  P  be  a  point  in  a  parabola,  and  QQf  be  drawn  parallel  td 
the  tangent  at  P,  and  TV  parallel  to  the  ans,  QQ^  is  bisected  in  K 

%    A  parabola  bong  traced  upon  a  plaDei&ttdit»aziSr 
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'8.    If  a  riglit  cone  he  cut  hy  a  plane  ttnough.  both  dUnt  tides, 
the  section  is  an  ellipse. 

4.  If  PG  be  a  diamefer  in  anj  eUtpse,  CP^  CD  aemi-oanjugBtes, 
QV  a  semi-ordinate  to  PG,  and  PF  a  perpendicular  upon  CD ; 
provethat         PV  X  FG  :  QV^  ::  CP^  :  CD^; 

also,  that  P^  X  CD  =  ilC  X  fiC. 

5,  If  tangents  be  drawn  at  the  vertices  of  four  conjugate  hjper* 
bolasy  the  diagonals  of  the  lectan^e  thus  formed  are  asymptotes  to 
the  curves. 

&    If  PQ  be  an  art  of  any  oonic  section,  QR  parallel  and  QT 

perpendicular  to  the .  radius^vector,  the  limit  of  -^t^  sk  the  latus 
rectum. 

7*  Prove  siricify  Newton  s  fourdi  Lemma,  establishing  the  pre* 
vious  principles. 

8.  Define ^ffito  curvature;  and  show  that  in  such  curves^  the 
•ibtedse  is  ultnnately  as  the  square  of  the  conterminous  arc 

9*  If  a  body,  moving  in  a  curv^  describes  round  a  fixed  point 
areas  proportional  to  the  times,  it  is  acted  upon  by  a  force  tending 
to  that  point ;  but  if  the  areas  increase,  the  direction  of  the  force  is 
turned  to  the  side  towards  which  the  body  is  moving. 

10*    If  J^  and y  be  the  forces,  D  and  d  thecentral  distances  at 
lunilar  pobts  of  similar  curves,  P  and  p  the  dmes  of  describmg 
nmilar  portions  round  centres  of  force  similarly  situated,  then 
^     ^       y^     v^       D      d 
^^"D'd*'P^*p^ 
Hence,  if  P*  oc  V*,  find  the  variation  of  the  force. 

11.  A  curve  being  given,  which  is  described  by  the  action  of  a 
central  force,  the  actual  value  of  the  force  may  be  found  by  deter- 

raining  the  ultimate  value  of  the  quantity  ^p^'    y^,  A  being  the 
area  described  m  a  unit  of  time. 

12.  Ap{dyth]s, 

(I).  To  the  case  of  a  body  moving  m  a  cydoid,  fotee  acting 
in  lines  parallel  to  the  axi«. 

(2).  To  the  case  of  a  body  revolving  in  ihe  equumgular 
spkaU 
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IS.    Aboiy  revblvttinaneUiFfle;  it  k  rocliiiicd  t4>  find  the  law 

of  force  tending  to  the  focus. 

14.  A  pven  force  bein^  inversely  M  tbe  iq[Uflre  of  tke  dktince 
from  libe  Centre,  and  the  itelodty  and  direction  of  the  motioa  at  a 
given  point  being  known  ;  to  determine  the  curve  described. 

Find  the  change  in  the  orbit,  when  the  force  acting  on  the  bodj 
St  any  point  is  altered. 


TRINITY  COLLEGE.  Juot  lgS«. 

1.  Ip  a  body  revolve  about  anqther  body  which  is  moving  in  any 
manner  whatever,  and  if  the  first  body  describe  about  the  seednd 
areas  proportional  to  the  tunes,  the  first  body  is  acted  on  by  a  centri- 
petal force  tending  to  the  second  body,  and  also  by  the  whole  of  the 
fbfcce  by  whioh.  the  second  body  ill  acted  oa. 

2.  State  Kejpler's  three  laws.  By  what  means  <fid  he  antte  at 
that  of  the  equable  description  of  areas? 

5.  How  did  Newton  infer  that  the  Moon  was  retained  in  her 
orbit  by  the  force  pf  gravity  .>  Perform  the  calculations,  which  shew 
it,  approximately. 

4.  A  body  describes  a  parabola  whose  equation  is  5f^  ss  4inaf,  the 
velocity  in  the  direction  of  the  ordinates  being  constant ;  determine 
the  velocity  at  any  point,  and  the  force. 

5.  Compare  the  vebcity  which,  a  body  woq19  acquure  in  falling 
from  the  Moon  to  the  Earth  with,  that  which  it  would . acquire  ia 
falling  from  infinity  to  the  same  point,  the  distance  of  the  Moon 
from  the  Earth's  centre  being  60  radii  of  the  Earth,  and  the  ibrce 
varying  inversely  as  the  square  of  the  distance  from  that  eentre. 
Find  also  the  time  of  falling  to  the  Earth. 

6.  Find  the  time  of  describing  i^  given  tni6  anoinaly'  (1)  Ia  a 
parabolic  orbit,  (2)  in  a  very  eccentric  ellipse. 


7«  When  a  body  describes  a  cor^  by  the  adioa  of.  a  central 
force,  the  polar  equation  to  the  orbit  is  gg-  +  m  -r  rr^  =  ^  ^^ 
the  velocity  at  any  point  is  independent  of  the  nature  o£  dub  path 
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dwribel.     Tba  mm  k  true  of  wnttnuoied  modba  on  a  cufved 
ftufiwoi 

IL  Whik  *  body  fa  revoliing  tmifomlf  in  a  cbde,  acted  on  bjr 
a  force  varying  as  tlie  distance^  the  force  fa  suddenl]ir  deuUed  by  the 

accession  of  a  new  force  varying  as  .-^     ;  determine  thq  equation 

to  the  eurve  dewiibed^  and  the  time  of  descriUng  a  girai  angleu 

9^  AppLy  the  eqfuations  of  motion  to  determine  tie  circumstances 
under  which  a  body  acted  on  by  given  forces,  will  uniformly  describe 
ft  oiicle  cm  a  8Qi&ca  oC  revolution. 

ia»  What  doea  Mewlon  prove  in  the  two  first  Proporifions  of  the 
ninth  Section  ?  Explain  fully  hfa  mode  of  ^determining  the  motion 
of  the  apsides  in  orbits  nearly  circular^  and  apply  it  to  the  case  where 

the  force  oe^,^^'^^,. 

11.  Tbe  orbitwhieb a plaaet  appears  to;de«cnbe  round  Oe  Sun, 
or  the  Sun  about  a  planet,  fa  an  ellipse.  Shew  thfa/  and  determine 
the  period. 

.  12.  If  the  motion  of  a  body  P  revolving  about  another  7*,  be 
Sstuxbed  by  the  action  of  a  very  dfatant  body  S  in  the  plane  of  P's 
orbit,  the  dfaturbing  forces  on  P  in  directions  ST,  and  perpendicular 
to  ST,  are  nearly  as  2PK,  and  PL,  where  PK  and  PL  are  per- 
pendiculars from  P  on  the  lines  of  quadrature  and  syxygj. 

13.  Shew  also  that  the  tangontal  disturbing  force  fa  nearly 
k  an^B,  where  B  fa  the  angular  distance  of  P  from  quadratures ; 
and  if  ik  be  ao  small  that  its  square  may  be  neglected,  and  p  be  the 
period  of  jP  in  its  circular  orbit  round  T,  and  PT  ss  r,  the  time  of 

describbg  »  will  =  ^  («  +  -j^-j:  sin.2fi). 

14.  If  5  be  not  in  the  plane  of  P'a  orbit,  explain  generally  how 
a  motion  of  the  nodes,  and  a  variation  of  the  inclination  of  P*a  orbit 
round  T  will  ensue.  How  &rdo  these  effects  go  to  prove  the  law 
aftiymmlgtan^^ 

'  15.  Determine  the  sttntctwn  of  a  spherical  Aell  of  indefinitely 
small  thickness  on  a  particle  either  within  or  without  it,  attrac-^' 
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16.  Find  aUo  the  ftttrndioii  of  4  sp&encal  secfor  on  4  paitide 
placed  at  the  vertex ;  and  if  the  quantity  of  matter  be  given,  shew 
that  the  attiaetixm.  ir  the  gteatett  when  the  anfjfk  of  the  isetor 

is=s«co8.-*--« 
5 

17*  A  body  acted  on  by  gravity  is  projected  in  a  medium  of 
'  which  the  zesistanoe  varies  as  the  velocity ;  compare  the  vdLodty  of 
the  body  at  the  expiration  of  any  time  with  that  which  it  would 
have  had  in  vacuo. 

18.  If  the  Earth's  surface  were  covered  with  water,  why  wtniM 
the  figure  assumed  by  the  waters  be  neady  that  of  aprolate  qphooid  ? 

19;    Eliminate  t  and*p  from  the  equations 

(»)..  =  ! 

What  is  the  nature  of  the  method  pursued  to  integrate  approxi- 
mately the  resulting  equation  between  u  and  ti 


St.  JOHN'S  COLLEGE,  1814. 

1.    Dbfinh  prime  and  ultimate  ratios,  and  from  your  defimtion 

X 

find  the  value  of  •=?  X  and  T  bemg  any  functions  of  t,  whidi  vanish 

when  jp  s  a,  and  apply  your  result  to  find  j  —  considered  as  die  limit 

of  faf^x'  wben  n  =  —  1. 

%>    Square  the  common  parabola  by  Newton's  fourth  Lemvia^ 

S.    Newtm,JjemmBLU.    The  subtense  of  the  ao^  of  contact  ia 
ukimalely  ift  the  duplicate  ratio  o£  ^q  subtense  of  the  contgrmiwous 

4    If  two  or  more  centres  of  force  be  situated  in  one  right  lio^ 
Ihe  area  described  by  the  projection  of  any  body  sound  tbe  pcqectioii 
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of  a6«0Btte8*offoiefli;  on  a  phtoe  petpwiiBeahy  to  libis]iiie»  ispio* 
pqrtiantl  to  Ae  tboe, 

5«  If  there  be  anjsystem  of  Indies^  acted  on  only  hy  thdr  mutual 
attiactions  andrepulsionSy  and  thi^  of  an  immoveable  centre  of  force 
Si  die  sum  of  tbe  piojectioQs  of  the  anai  described  round  S  on  anj 
plane,  multiplied  by  the  lespective  nuwes  of  the  deacribmg  bodies,  is 
pruporlidlul  to  the  tme. 

6.  Shew  that  the  force  oc  -£-»andif  Jssc.-^  findc. 

7.  Define  similar  curves,  as  referred  to  two  rectangular  oo^^ordi- 
nates  x  and  y.  Shew  that  in  the  equation  (1  ^  ^)  (a*  —  a^)  s^^ 
tie  vaiiatjon  of  a  gives  all  the  amilar  eurvea  which  this  equation  can 
represent  In  general  shew,  that  if  the  equation  of  a  curve  be  re* 
duciUe  to  the  form 

0  s=  any  function  of  f-j  and  (- V 

the  same  holds  good.  From  hence  prove  that  Catenaries  are  similar. 
Define  similar  curves  of  double  curvature. 

8.  Find,  as  Newton  has  done,  the  law  of  force  to  the  centre  of  ao' 
ell^psa 

9.  Compare  ihe  centripetal  and  centrifugal  forces,  in  genera],  and 
in  the  Lenmiscate. 

10.  A  body  P,  suspended '  by  a  perfectly  elastic  thi^ad  CP, 
oicQlates  freely,  describing  a  certain  curve  ABD.  Find  the  velocity 
at  any  point  P,  and  shew  that  the  momentary  acceleration  in  the 
description  of  areas  round  C,  is  proportional  to  the  ordinate  PiV. 

11.  The  parameter  of  a  conic  section  described  by  a  force  in  the 
^  (area  dat  tem.y 

abeoL  force. 

12.  The  forcis  to  a  centre  S  being  =  ^,  a;  being  ^e  distance,  a 

body  is  projected  from  a  distance  SFs=D,  at  an  angle  0,  and  with 
a  velocity  s  »  X  velocity  in  ft  drde.  Find  the  actual  values  of  the 
following  quantities,  (1),  ihe  semiparameter ;  (2),  the  excentridty ; 
(3),  the  semitransverse  axis  of  the  conic  section  described.  Shew 
tb^it  th9  fndsjs  independent  on  t^e  direction,  ^nd  the  eccentricity  on 
the  distance  of  pngeetion. 
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*  13.  '  la  9h  dlipM  wkit  4amata!Uktf  ii «»  ainw  dtet  dia  fAOtm? 
between  the  angle  ASP  =  0,  and  the  time  /  of  daiciihiiig  il  ii«U 
pieaied  by  an  equation  a/  s  v  —  «.  muv,  w  being  cUtpeodeat  an  I  bj 
the  equation 

tan*  •- ca  %/ I -*— »^  I*  tan*  *- 

2   y  \i+€/     8 

14.  Newton,  Prop.  35.  The  area  i>£iS  dewibed  by  the  MYolv- 
ing  radius  SD  is  equal  to  the  area  which  a  body  would  uniformly 
describe  in  tbd  same  time  in  a  circle  with  a  radius  ^  j  the  i»anmieter 
of  DES,  round  S.  Give  a  proof  in  the  case  when  DES  is  a  para- 
bola. 

15.  FiMoeoe--and  Tekdty «a that  fttm  inilnity.     Find  the 

actual  equation  between  the  distance  CP  s=  x  and  the  angle  FCP  k  0, 
and  shew  that  the  curve  FPK  has  always  the  following  property 

(IZi^times  Z  VCP^/LPCQ. 

Find  also  what  curves  are  described  when  a  at  4»  aod  whan  a  ■■  7* 

f^  being  an  apse. 

16.  In  the  9th  section^  the  revolving  orbit  is  one  of  Cotes's  i 
Shew  that  the  absolute  orbit  is  a  spiral  of  the  same  speciea. 

17.  Explain  Newton's  meaning.  Prop.  6l.  ''MoCUS 
pertnde  se  habebunt  ac  si  non  traherent  ae  mutuo  sed  atrHmqoe  a 
oorpore  tertio  in  communi  oentio  gravitatis  oonttiiuto,  tiribua  iiidim 
traherentur."  Can  one  and  the  same  body  placed  in  C  fulfil  tfaa 
condition  here  implied  with  respect  to  hoA  the  hodiea  S^  Pf 
Find  C. 

18.  Required  the  whole  effect,  and  also  the  mean  effisdi  of  the 
Sun,  to  diminish  the  Lunar  gravity,  and  shew  that  if  P,  p,  be  the 
periods  of  the  Earth  and  Moon,/=  the  Earth's  attraction,  and  r  the 
radius  vector  of  the  Moon,  the  addititious  force  will  be  nearly  repre- 
sented by  the  fbrmuh 

{(I)" -i  (?)*}•> 

the  Moon's  mean  distance  being  taken  for  unity, 

19*  The  Moon's  Ibiee  to  raise  the  tides  is  proportional  tO'the  cube 
of  her  parallax. 
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vimm;  atttw^tioii  y$arjiag  attlie  dittanoe  of  ah j  two par&ki  &om 
oach  other^  dlrectlj. 


St.  JOHN'S  COLLEGE,  Dec.  181& 

1.  Br  wliat  obserTations,  and  by  wbat  reasoning  from  them,  do 
we  ernidude  th«t  ihe  phoets  ara  retained  in  their  orUts  bjr  a  force 
wMch  is  inversely  aa  the  ^uare  of  their  distance  from  die  Son  ?  and 

what  reasons  have  we  for  supposing  that  .  continues  to  repre- 

sent pearly  (or  aoouxatdiy)  the  variation  of  tha  foreoj  up  to  a  oon* 
paiative^  tinaU  diitanoe  fzom  the  siufaca  of  bodies  ? 

2.  Prove  rigorously^  that  the  ultimate  ratio  of  vanishing  quanli*« 
ties  ia  thtf  ratio  Of  their  fluxions;  and  find  the  ultimate  ratio  of  the 
sofment  dfa  sphere  to  its  inscribed  oone.  Prove  also»  that  the  same 
sisgment  is  to  its  least  circumscribed  cone  (ultimately)  as  8  :  9« 
What  is'tl^e  ultimate  ratio  q(  Jt*+  oo§.wx  :  X'^l,  when  x  apr 
preaches  to  1  as  its  limit? 

$•  Find  the  law  of  forcet  tending  in  parallel  lines,  by  which  a 
lM)dy  may  be  made  to  describe  an  hypwbola  whose  axis  is  parallel  to 
the  direction  of  the  force. 

4.  Find,  as  Newton  has  done,  the  law  of  fbrce  by  which  a  body 
may  desotibe  a  given  orUt ;  then  apply  your  result  to  find  the  orbit 
when  the  fince  is  given ;  and,  as  an  example,  determine  the  orbit 

when  the  force  x  ,^.   ^^>  and  the  velocity  at  any  point  is  equal  to 

t)iat  which  would  be  acquired  by  falling  down  an  infinite  distance. 

5.  Suppose  A  to  attract  B  with  a  force  always  double  of  that 
with  which  S  attracts  A ;  the  bodies  being  originally  at  rest,  shew 
that  their  centre  of  gravity  will  begin  to  move,  and  find  its  position^ 
and  that  of  A  and  B  after  any  assign^  time  ;  .the  law  of  either  force 
being  the  direct  ratio  of  the  distance  between  the  bodies. 

6.  Two  equal  bodies  are  projected  at  the  same  instant  from  the 
equator  and  the  pole,  in  the  plane  of  the  same  meridian,-  and  at  an 
angle  of  45"*  to  ^heliorixon.    With  what  velocity  must  e^ch  be  pro-* 
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jecteS^Mlihat -after  meetmg  iheoflier  in  its  cdune^  it  duJlbe  ie« 
fleeted  bade  to  the  point  from  which  it  set  out,  elasticity  being  feu 
feet? 

7.  Define  similar  curves,  and  prove  that  all  curves  lepresented 
by  an  equation  of  the  form  y  +y^x  =  a^  are  similar.  Prove  hy 
prime  and  ultimate  ratios  that  similar  solids  are  ill  the  triplicate 
rado  of  their  homologous  sides. 

S.  The  centripetal  force  varying  as  Ail*"'  +  <?il""*  +  e-4^"% 
determine  the  angle  between  the  apsides ;  and  give  the  xeasoos  fiic 
each  step  of  the  process. 

9.  A  body  sets  out  from  one  extremity  of  the  chord  of  a  circular 
are,  and,  in  the  course  of  its  revolution  arriving  at  the  other,  is  le.' 
fleeted  directly  into  the  centre.  Compare  the  whole  time  of  its 
motion  with  the  time  of  a  complete  revolution,  ' 

10.  In  the  last  problem,  find  what  arc  of  the  ciide  the  c&ord 
must  subtend,  so  that  after  reflection  the  body  shall  describe  an 
dlipse  of  a  given  exoentricity ;  and  prove  that  whatever  arc  it  sqIk 
tends,  the  period  in  the  ellipse  described  will  be  the  seme. 

11.  A  body  (considered  as  a  mere  material  point)  u  acted  on  by 
forces,  whose  quantities,  and  directions,  and  the  laws  of  whose  varia- 
tions are  given.  How  would  you  proceed  to  determine  the  curve  it 
will  freely  describe  in  consequence  of  their  aetion  P  Apply  your  rea. 
soning  to  the  case  of  a  single  force  tending  to  a  fixed  centre. 

12.  Draw  a  diameter  of  a  given  ellipse  in  such  a  manner,  diat  a 
phmet  revolving  about  its  focus  may  describe  the  two  segments  of  its 
oriut  in  times  which  are  to  each  other  in  the  proportion  of  n  :  1 1 
and  shew  that  unless  this  be  a  less  ratio  than  that  of  the  sum  of  the 
circumference  of  a  circle,  and  twice  its  diameter  to  tlieir  difierenoe, 
no  such  line  can  be  drawn. 

18»  Investigate  an  expression  for  that  part  of  the  ablatitious  force 
which  diminishes  the  Moon's  gravity ;  the  lunar  orbit  being  sap^ 
posed  cmncident  with  the  ecliptic  How  will  this  expression  he 
affected  by  taking  into  consideration  the  indbation  (supposed  very 
small)? 

li.  In  the  Scholium  to  the  first  Section,  Newton  speaks  of  a 
series  of  angles  of  contactf  each  of  which  Js  infinitely  Jesa  than  the 
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foregoing.  Explain  his  meaning.  Find  the  latus  rectum  of  a  para- 
bola whose  axis  is  paraUel  to  the  abscissa  of  a  given  curve^  and  which 
shall  touch  the  carve  so  closely  in  a  given  point,  that  no  parabola 
(similarly  situated)  can  pass  between  it  and  the  curve,  at  that  point. 

15.  Two  bodies  which  revolve  round  their  common  centre  of 
gravity,  describe  about  it,  and  about  each  other,  areas  proportional 
to  the  times. 

]  6.  In  an  elliptic  orbit,  if  u  represent  the  eccentric  anomaly,  and 
the  fraction  -^^^ ^^  be  represented  by  c,  the  excess  of  the  true 

anomaly  above  the  eccentric^  will  equal  the  douUe  of  the  following 

series; 

c  (^  c^ 

-  •  sin.  tt  +  —  •  mAu  -f  -^«  simSir  +  &c  ad  inf. 

St.  JOHN'S  COLLEGE,  1816. 

1.  Explain  the  connexion  between  the  methods  of  prime  and 
ultimate  ratios,  and  of  fluxions.  What  is  the  ultimate  ratio  of  an 
hyperboloid  to  its  circumscribing  cylinder? 

2.  What  is  meant  by  continuous  curvature,  and  how  may  we 
recognise  the  points  where  the  curvature  ceases  to  be  so  ?  What 
is  signified  by  ^' a  discontinuous  curve  .^"  What  is  Newton's  mean- 
ing in  the  expression  ''  circulum  concentrice  secat  ?" 

or* 

3.  Shew  that  L  ss  --— -  in  the  hyperbola. 

4.  In  an  ellipse  whose  excentricity  is  small,  the  difference  be- 
tween two  successive  radii  of  curvature  is  ultimately  as  the  square 
of  the  eccentricity. 

5.  Given  the  periodic  times  and  mean  distances  of  the  primary 
planets  and  the  mass  of  any  one  of  them :  compare  the  masses  of  the 
rest  with  that  of  the  Sun. 

6.  In  circles,  when  the  period  oc  the  radius  (P  oc  22)  the  centri- 
petal force  oc  ~.    If  P  a  i2«  +  22  +  1,  what  is  the  law  of  force? 

7.  A  body  revolving  in  an  ellipse  about  its  centre,  meets  a  per- 
fectly elastic  plane  which  produced  would  pass  through  the  centre : 
what  orbit  will  it  describe  after  reflection  ? 

[Supp.  P.  II.]  o 
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8.  (Newton,  Prop.  60.)  Compare  the  axis  of  the  ellipse  described 
by  S  and  P  round  each  other  with  that  of  the  ellipse  which  P  would 
describe  round  S  fixed  in  the  same  period. 

9.  Find,  from  the  necessary  data,  the  absolute  time  (in  seconds)  in 
which  a  body  will  describe  a  given  area  of  any  curve,  and  apply  your 
reasoning  to  the  logarithmic  spiral. 

10.  Find  the  value  of  Q  in  the  41st.  proposition. 

11.  If  one  half  of  the  Moon  were  9uddenly  deprived  of  gravity, 
what  change  would  take  place  in  her  orbit,  supposed  at  first  a  cirde  ? 
If  gradmtty^  how  would  you  pnMseedi  were  it  required  to  estimate  the 
effect? 

12.  Force  (X  Dist  Prove  that  the  time  of  falling  through  any 
space  :  time  of  falling  through  the  same  space  with  the  force  at  the 
greatest  distance  continued  uniform  ::  arc  :  ehord,  of  a  circle 
whose  radius  is  the  greatest  distance  and  versed  sine  the  space  £dlen 
through. 

13.  The  force  oc  ;■  ,   ■>>  and  the  velocity  at  a  given  distance  CP 

(Dist)*  ^         ^ 

is  greater  than  that  in  a  circle.  Take  the  angles  CPA,  CPB  whose 
sine  :  rad.  : :  velocity  in  a  circle  :  velocity  of  projection  ;  then  if  a 
body  be  projected  from  P  within  the  vertical  angle  BPa,  or  APb, 
Cotes's  3d  spiral  will  be  described ;  but  if  within  either  of  the  angles 
BPAy  aPb,  the  5th. 

14.  The  velocity  acquired  in  detoribiag  any  curvilinear  space  is 
equal'to  the  velocity  acquired  by  falling  freely  in  a  right  line  to  the 
same  distance  from  the  centre.  Does  any  thing  in  Newton's  proof  of 
this  proposition  appear  deficient,  or  superfluoui^  when  applied  to  motion 
confined  to  a  particular  curve? 

15.  Can  you  prove  the  foregoing  proposition  (Newton,  Prop.  40.) 
without,  in  any  part  of  your  argument,  assuming  the  principle  of  the 
resolution  of  forces? 

16.  The  force  is  inversely  as  the  (Dist)^.  Give  the  full  method 
of  finding  the  elements  of  the  orbits  having  given  the  velodty,  dia- 
tance,  and  direction  of  projection. 
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17.  Ptove  that  F  a  -^  and  in  the  equation  F^c  -^  find 

the  value  of  c. 

18.  To  what  castei  does  Newton's  proof  of  the  fbrmuk  F  X  PV, 
oc  F»  apply  (Cor.  4.  Prop.  6.)  P  Prove  that,  m  heing  l6,lj  feet,  f^^ 
isequal  tDiM.F«PF. 

19.  tn  the  9th  Section,  Newtoh's  method  gives  very  exactly  one 
half  of  the  true  motion  of  the  lunar  apsides.  Explain  at  some  length 
why  it  is  incapaUe  of  giving  the  whole,  and  give  a  brief  outline  of 
the  tndti  of  argament  used  in  that  sectiott. 

20.  In  the  11th  Section,  shew  that  the  force  perpendicular  to  P's 
orbit  a  8in.if  .sin./.  sin.(2,  where  A  tm  the  angular  dislaiioe between 
the  lines  of  nodes  and  sysygies,  /  =  the  inclination,  and  Q  =  the 
Moott'ft  distance  firoffl  quadrature,  reduced  to  the  pla&e  of  the 
ecliptic. 


St.  JOHN'S  COLLEGE,  Jxnm  ISm 

1.  Explain  what  Is  meant  by  cObtinued  finite  curvature.  Shew 
that  if  QPbe  any  arc  of  a  ourvei  and  QR  a  subtense  perpendicular 

to  the  tangent,  limit  -^^  =  diameter  of  curvature  at  the  point  P ; 

and  apply  thi«  expteasion  for  finding  the  diameter  of  curvature  at  the 
vertex  of  a  cycloid* 

2.  Let  AB  be  any  arc  of  a  curve  of  finite  curvature,  AK,  BK 
normals  at  il  and  JB  meeting  in  K,  and  BG  perpendicular  to  the  chord 
AB  meeting  AK  in  O  i  prove  that  in  the  limit  AK  l  AQ  : :  1  :  2. 

3.  Investigate  the  relation  between  the  centripetal  and  centri- 
fugal forces  at  any  point  in  any  orbit :  the  equation  to  the  curve  in 
which  they  are  equal ;  and  the  law  of  the  force  by  which  it  will  be 
described. 

*.    Iftheforce«i;andabodyde«endina»traightUne;find 

the  velocity  and  time  corresponding  to  any  given  space  by  Newton, 
Prop.  S9.;^Cor.  2,  3. 

o  2 
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5.  If  a  body  be  projected  in  any  direction  from  a  given  point  above 
a  given  plane^  and  be  acted  upon  by  a  force  perpendicular  to  the  plane, 
and  varying  inversely  as  the  »^  power  of  the  distance  from  it;  find 
the  equation  to  the  trajectory,  and  sh^w  for  what  values  of  n,  that 
equation  will  be  expressed  in  finite  terms. 

6.  A  body  begins  to  fell  from  -4  to  a  centre  of  force  S  varying  in- 
versely as  the  cube  of  the  distance ;  find  the  nature  of  the  curve  AP, 
when  the  time  down  AN  is  equal  to  the  time  of  describing  NP  with 
the  velocity  acquired  at  JV^:   AN  being  the  abscissa. 

7*  Find  generally  the  equation  to  the  orbit  in  fixed  space  in  Sect 
9.  and  from  that  equation,  shew  that  the  difference  of  force  in  the 

fixed  and  moveable  orULt  varies  as  =^« 

8.  If  the  force  vary  as  A*,  shew  that  the  angle  between  the  ap- 

sides  in  orbits  neatly  circular  =  -77 — ~--r  nearly,  and  when  n  =  1 

V^(m  +  8) 

explain  the  reason  why  we  obtain  an  accurate  result 

9.  Find  the  nature  of  the  curve  which  by  its  rotation  round  its 
axis  will  generate  a  surface,  in  which  the  times  of  revolution  in  circles 
parallel  to  the  horizon  shall  be  equal  at  all  altitudes. 

10.  If  a  string  will  just  bear  (p)  pounds ;  through  what  angle 
must  it  be  made  to  osciUate  with  a  weight  (jq)  less  than  {p)  at  its  ex- 
tremity so  that  it  may  all  but  break  ? 

11.  Investigate  an  expression  for  the  tangential  force  in  P^b  orbit 
supposed  circular,  and  find  the  velocity  generated  by  it  from  quadra* 
ture  to  syzjgy. 

12.  Find  those  positions  of  the  apse  of  P's  orbit  where  the  eccen- 
tricity is  a  maximum  and  minimum,  and  explain  fully  Newton's  rea- 
soning in  Cor.  9*  Pr.  66, 


St.  JOHN'S  COLLEGE,  Junk  4,  1821. 

1.  If  a  line  be  drawn  parallel  to  the  base  of  a  cycloid,  find  the 
limiting  ratio  of  the  segment  of  a  cycloid  to  the  corresponding  seg* 
ment  of  the  generating  circle. 
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2.  Explain  what  is  meant  by  angular  velocity,  and  shew  that  in 
different  ellipses  of  the  same  eccentricity  round  the  same  centre  of 

force,  fr  (X  g;  A  the  angular  velocity  at  pomts  which  are  at  the 

same  angular  distance  from  the  aids  major  a z- 

(di8t)i 

3.  Determine  the  law  of  force  acting  in  parallel  lines  perpendi- 
cular to  the  axis  by  which  a  body  may  be  made  to  describe  a  para- 
bola. 

4.  If  a  body  projected  obliquely  be  attracted  by  any  number  of 
bodies  at  rest  (F  oc  D),  shew  that  it  will  describe  an  ellipse  round 
their  common  centre  of  gravity. 

5.  ABD,  abd,  are  two  nmilar  and  concentric  ellipses  in  the  same 
plane,  which  revolves  uniformly  about  their  common  centre  C.  Shew 
that  if  grooves  CaAy  CbB,  be  drawn  firom  the  centre,  and  bodies  be 
placed  at  a  and  b,  they  will,  by  the  motion  of  the  plane,  arrive  at  A 
and  B  in  the  same  time. 

6.  Elasticity  :  perfect  elasticity  : :  m  :  1.     A  body  A  revolving 

in  an  ellipse  fF  a  j^J  strikes  B  at  rest;  find  how  the  absolute 

force  must  be  altered  that  B  may  describe  the  same  orbit  A  was 
describing. 

7.  A  stone  suspended  by  a  string  which  can  support  five  times  its 
weight,  begins  to  describe  a  circle  whose  centre  is  C  in  a  vertical  plane. 
AB  is  a  quadrant  of  this  circle,  A  being  the  highest  point.  Find  at 
what  point  D  at  CB  an  obstacle  must  be  opposed,  that  the  string 
may  all  but  break  when  the  body  has  acquired  its  greatest  velocity. 

8.  AP  is  a  parabola,  A  the  vertex,  S  the  focus,  SP  =s  — j-*-^. 

A  perfectly  elastic  body  descending  from  infinity  toward  S  (^F  oc  ^j 

is  reflected  by  a  plane  touching  the  parabola  in  P.  Compare  the  time 
of  its  reaching  SA  produced  with  the  time  of  a  body's  describing  PA 
in  the  given  *curve. 
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9.  In  Prop.  66,  shew  tb^t  tbe  effeot  is  tbe  mmo  whether  the  mim 
of  the  disturbing  forces  be  referred  to  P  revolving  round  T  »t  rwl,  or 
P  and  r  revolve  about  their  common  centre  of  gravity  acted  upon  by 
their  respective  disturbing  fbrces.  - 

10.  If  two  bodies  S  and  P  i^ttracting  each  other  be  prq|e(:^  ii| 
opposite  and  paraUel  directions,  with  velocities  which  are  inversely  as 
the  quantities  of  matter,  they  will  describe  similar  orlnts  round  the 
common  centre  of  gravity.  Would  this  be  the  case  if  they  were  pro- 
jected with  any  velocities  } 

11.  The  attractions  of  particles  similarly  situated  with  respect  to 
similar  aolida  are  proportional  to  any  hoaiologous  lines  in  those  solids ; 
the  law  of  attraction  being  the  inverse  square  cxf  the  distuica 


St,  JOHN'S  COl-LEGB,  Mav  31,  J888. 

1.  OflFiNii  umilar  iigurea  when  referred  to  fui  a]ii%  »ud  |«^ve 
from  the  definition,  that  if  ABC  be  a  cur?e»  AC  the  axiii  apdlQ 
every  chord  AD  or  AD  produced.  Ad  be  taken  to  AD  in  a  given 
ratio,  the  locus  of  d  will  be  a  curve  similar  to  ABC, 

2.  A  body  is  moving  in  a  curve  in  a  direetifm  nialuAg  an  aog^  e^ 

30^  with  the  distance.  Supposing  an  impulse  communicated  to  it, 
so  as  to  make  it  move  in  a  direction  perpendicular  to  the  distance 
with  double  its  former  velocity,  compare  the  areas  described  in  equal 
times  round  the  centre  of  force. 

3.  Prove  the  ninth  lemma. 

4.  A  body  revolves  in  a  circle,  the  force  tending  to  a  point  which 
is  not  the  centre  of  the  circle.  Find  the  distance  at  which  the  angular 
velocity  =  the  mean  angular  velocity. 

5.  If  ABf  ah  be  finite  stmilar  w;a  of  iimi]«r  cu^vei^  5  tmd  «  the 

centres  of  force  similarly  situated  in  them,  P  and  p  the  times  of 

describing  AB^  ab  respectively;  prove  that  the  force 9t 4  :  foroe 

AS    M        ^     ,  .     ,     ,  .      , 

at  a  : :  ^  :  ^  4  %nd  pomt  out  in  the  demonstration  the  parts  which 

depend  on  the  suppositions  respecting  AB,  •&,  and  the  podliona  of  S 

and«« 
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6.  U  F  cf^  D  and  ellipses  be  described  on  the  same  axis  major ; 
prove  that  the  times  of  moving  from  the  vertex  to  a  line  drawn  from 
any  point  in  the  axis  perpendicular  to  the  axis,  will  be  equal. 

7.  A  body  descends  from  A  towards  S  the  centre  of  force 
yF a  l^Ti)'  ^OSi^  asemi-4?irde,  whose  diameter  is  AS,  and  BD, 

CE  are  perpendicular  to  AS.  Draw  the  straight  line  SFD,  then 
shew  from  the  principles  of  the  seventh  section^  that  velocity  at  B  : 
ydooity  at  C  :  i  CF  :  CE. 

8.  If  a  body  having  descended  from  A  to  B,  he  projected  with 
the  velocity  acquired,  in  a  direction  making  an  angle  of  30P  with 
the  distance :  ihow  that  the  oontrip^  force  at  B  I  centrifugal  force 

at  B  : :  2^15' :  ab. 

9.  Suppose  a  body  to  dflooend  from  rest  at  A  la  the  right  line  AS 
acted  on  by  an  attractive  force  which  a  j^  from  S,  and  a  repulsive 

force  which  a  j^  from  S,  and  let  the  attractive  force  be  to  the  re- 
pulsive force,  at  fir^t,  as  w  :  1 ;  find  by  means  of  prop.  39,  where  the 
velocity  is  greatest,  and  where  the  body  will  ceaie  to  descend. 

10.  A  body  moving  in  a  pavabola  (foirac  in  foous)  arrivea  at  the 
extremity  of  the  latua  xtoX\m  (4a).  Shew  that  iififtm  11  foreo  at 

the  vertex  :  force  of  gravity,  and  a  velocity  «  y  *^   be  communi- 

i 
cated  to  the  body  in  the  direction  of  the  latus  roctam*  it  wUl  describe 

a  circle  round  the  focus.  Compare  also  the  periodic  time  in  this  circle 
with  the  time  of  moving  from  the  vertex  to  the  latus  rectum. 

11.  l^our  equal  bodies  (jP  oe  D)  are  fixed  in  the  comers  of  a 
square.  Shew  that  a  body  project^  in  the  direction  of  one  of  the 
sides,  from  the  middle  point,  with  twice  the  velocity  acquired  in  falling 
from  rest  to  one  of  the  bodies,  through  a  space  =  \  the  side  of  the 
square,  will  describe  the  inscribed  circle. 

13.  If  P  he  a  particle  ntuated  in  a  bomonenoous  solidi  and  a  Kur« 
face  be  described  through  P  •imilftf  to  the  out^r  «ttif«ce^  P  will  not 
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be  affected  by  the  attraction  of  tbe  matter  between  the  two  surfaces, 
r  Attraction  varying  as  -j. — -V 

rs.  Resistance  varies  {prtly  as  the  velocity,  and  partly  as  the 
velocity  squared.  Construct  for  the  time  when  a  body  descends  in 
such  a  medium  acted  on  by  gravity,  first,  from  rest,  secondly,  when 
projected  with  a  velocity  greater  than  any  acquirable  from  rest  (Book 
11.  Prop.  IS.) 

14.  Find  the  horary  variation  of  inclination  of  the  lunar  orbit  to 
the  plane  of  the  ecliptic  (Book  III.  Prop.  34.). 

St.  JOHN'S  COLLEGE,  May  24,  1823. 

1.  Explain  what  is  meant  by  angular  velocity,  and  how  it  is 
measured ;  and  determine  those  points  in  an  ellipse,  where  the  angular 
velocity  round  the  focus  is  a  mean  proportional  between  the  greatest 
and  least 

2.  In  two  equal  circles,  absolute  forces,  which  are  as  4  :  1,  are 
situated  in  the  centre  of  one,  and  in  a  point  within  the  other  which 
bisects  the  radius.     Required  the  ratio  of  the  periodic  times. 

3.  Find  the  actual  periodic  time  in  a  given  ellipse,  and  the  velocity 
at  any  assigned  point ;  the  centre  of  force  being  in  the  focus. 

4.  In  the  hyperbolic  spiral,  compare  the  centripetal  and  centri- 
fugal focus  at  any  point ;  and  the  area  dato  tempore  with  the  area 
described  in  the  same  time  in  a  circle  at  the  same  distance. 

5.  If  (/)  be  the  latus  rectum*  of  a  parabola,  (r)  the  radius  vector, 
and  ir  =  3*14159  &c.,  the  time  of  descending  from  rest  from  any 
point  to  the  focus  :  the  time  of  revolving  in  the  curve  from  that  point 

to  the  vertex  : :  Sw^  :  (2r  +  /) .  v'(4r  —  /).     Requited  a  proof- 

6.  A  body  revolves  in  a  circle,  in  whose  centre  is  an  attractive 

force  varying  as  ^y    The  absolute  force  being  suddenly  doubled,  what 

change  will  be  produced  in  the  body's  orbit ,-  and  through  what  angle 
will  it  revolve  before  it  falls  into  the  centre. 
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7.  In  Prop.  4t4t,  suppose  the  immoveable  orbit  to  be  a  drde  having 
the  centre  of  force  in  its  circumference ;  and  let  G  :  F  '.:  3  I  1 . 
Find  the  equation  to  the  orbit  in  fixed  space^  and  the  kw  of  the 
force  by  which  a  body  may  be  made  to  revolve  in  it 

8.  Supposing  Ps  orbit  to  be  originally  eccentric^  explain  clearly 
the  motion  of  its  apsides  occasioned  by  the  disturbing  force  of  the 
body  S,  during  one  synodic  revolution.    (Prop.  66.  Cor.  8.) 

9.  Find  the  force  with  which  a  corpuscle^  placed  in  the  centre  of 
a  sphere^  is  attracted  towards  any  given  segment.     (Prop.  83.) 

10.  In  any  given  position  of  the  Moon's  nodes,  the  mean  horary 
motion  in  one  revolution  equals  half  the  greatest  horary  motion  when 
the  Moon  is  in  sysygy.     (Book  iii.  Prop.  3a  Cor.  2.) 


St.  JOHN'S  COLLEGE,  1824. 

1.  Explain  what  is  meant  by  the  terms  'limit'  and  'limiting 
ratio'  of  evanescent  quantities.  And  from  your  definition  answer  the 
objection  which  Newton  mentions,  viz.  that  there  can  be  no  such 
ratio,  because  the  ratio  which  the  quantities  bear  to  each  other  before 
they  vanish  is  not  their  ultimate  ratio,  and  that  when  they  have 
vanished  they  have  no  ratio  at  all.  Find  also  what  is  the  limiting 
ratio  of  the  excess  of  the  tangent  of  a  circular  arc  above  its  choid 
to  the  excess  of  the  chord  above  the  sine,  when  the  arc  vanishes. 

2.  AT  touches  a  circular  mc  AB  at  the  point  A,  AM  Is  perpen- 
dicular to  il 7,  arc  AB  =  AT,  join  TB,  produce  it  to  meet  AM  in 
M,  find  the  limit  of  AM  when  the  arc  vanishes. 

3.  If  yIPbeapart  of  a  curve  and  if  AN^a,  NPssy:  and 
y  =  ax**  +  bx^  +  &c.  where  a,  0,  y,  &c.  are  taken  in  order,  begin, 
ning  with  the  least.  Shew  that  if  m  lies  between  1  and  2,  no 
circle  however  small  can  be  drawn  touching  A  P  in  A  so  that  the  arc 
AP  shall  lie  entirely  without  it:  but  that  if  a  lies  between  2  and 
3,  no  circle  however  great  can  be  drawn  so  that  the  arc  AP  shall 
be  entirely  within  it 

4.  Having  given  P  the  periodic  time  of  one  of  Jupiter's  satellites, 
(a)  the  semi  axis  of  the  ellipse  it  describes,  and  R  the  radius  of  th^ 
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planet  itself^  find  from  tbenoe  the  length  of  a  pendulum  which 
would  oscillate  leoonds  at  Jupiter's  surface. 

5.  A  body  revolves  in  an  hyperbola,  by  a  force  which  always 
acts  in  the  direction  of  its  ordinate,  shew  that  the  force  varies  in- 
versely as  (ordinate)'. 

6.  If  a  body  revolves  in  a  circle  acted  upon  by  a  forc^  tending  to 
a  point  in  its  circumference,  shew  from  the  expression 

that  th9  force  varies  inversely  (dist.)^  find  tiwa,  having  given  the 
intensity  of  the  force>  the  velocity  of  the  body  at  any  poin^  and 
prove  that  this  volgcity  is  equal  to  that  which  ii  acquired  in  fidling 
from  infinity. 

7.  If  force  oc  scf ,  n  being  greator  thftn  9,  shew  that  if  a  body 

be  projected  from  an  a^ise  with  the  velocity  acquired  in  falling  firom  in* 
finlty,  the  number  of  revolutions  it  would  describe  before  leaching  the 

centre  c=  ■.   ^  y    And  show  how  you  apply  thif  oxpreasion  to  the 

case  where  n=  5  and  where  it  appears  from  the  preceding  question 
that  the  body  describes  a  semi-circle  in  descending  tram  an  apse  to  the 
centre  of  fbrce. 

8*   An  imperfectly  elfuitic  body  falls  from  an  infinite  distanoo  towards 

a  centre  of  force,  whose  intenrity  «  to — rj,  and  impinges  upon  a  per- 


fectly hard  plane  indin^  at  m  9ngle  of  4^°  to  the  direction  in  which 

it  is  falling,  shew  that  the  axis  majoi*  of  the  ellipse  described  r=    ^.  ■  ^  > 

and  latus  rectum  =^  ^(1  -f  m)^ ;  r  being  the  distance  of  the  impiiig^ng 
body  from  the  centre  of  force,  ^nd  m  tho  force  of  elaaticity,  wid  shew 
how  the  position  of  the  axis-mi^jor  may  be  calculated. 

9.    If  a  body  revolve  in  an  orUt  round  a  centre  of  fbree^  and  if 

the  force  at  any  distance  (r)  s=s  P  and  «  =  - »  and  ^  =  area  described 
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in   l**  and  v  the  angle  detcribed  measuring  front  any  given  radius 

4fiu  P 

vector.     Shew  that  tt  +  »  —  Tr"o  =»  0 ;   and  from  this  equation 

prove  that  the  difference  of  the  forces  by  which  one  body  revolvea  in 
a  fixed  orbit^  and  another  in  a  revolving  orbit^  as  in  Section  9  of  New- 

ton,  a  1. 

10.  Find  the  horary  variation  of  indinat]0n  of  the  lunar  orbit 
to  the  plane  of  the  ecliptic. 

11.  If  the  force  a  distance^  two  spheres  will  attract  each  other 
with  foroea  varying  as  the  distance  between  their  evntrei. 


St.  JOHN'S  COLLEGE,  1825. 

1.  Explain  the  method  pf  limiting  ratiosj  and  find  the  limiting 
ratio  of  fin  hyperboloid  to  its  circumscribing  cylinder^  when  indefi- 
nitely great  and  indefinitely  smalL 

2.  Prove  Lemma  9>  and  shew  why  AD,  DB^  must  both  mal^e  finite 
angles  with  the  tangent. 

3.  Find  the  force  t^dipg  to  the  ceiitre  of  a  given  ellipsei  and  in- 
vestigate the  method. 

4.  Force  varying  in  a  lower  law  that  —  ;  ihew  that  a  body  pro- 
jected from  an  apse,  with  a  velocity  less  than  the  velocity  in  a  circle  at 
the  same  distance,  must  come  to  a  second  apse. 

5.  Compare  the  times  of  falling  into  the  centre  from  a  given  dis« 
tanoe  by  two  foioes,  ene  vtaying  as  the  distance,  the  other  —  ;  the 
forces  at  first  being  supposed  e^ual. 

6.  Find  where  a  body  in  the  ellipse  approaches  the  centre  fastest 

7.  When  a  body  (alls  from  ^  to  B  by  an  attraolive  foite,  and 
another  rises  ftom  B  to  il  by  the  same  force  now  supposed  repulsive, 
are  the  velocities  aoqulrod  ilnd  timet  of  notion  equal  in  the  two 

cases? 
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8.  Circular  motion  is  sustained  by  a  crank  impelled  by  an  uniform 
force  which  acts  in  both  directions  and  always  passes  through  a  fixed 
point.  Shew  that  the  effect  is  the  same  whatever  be  the  distance  of 
that  point 

9.  In  the  vertex  of  an  equilateral  cone  is  placed  a  force  a  y^* 

Find  the  curve  described  on  its  surface  by  a  body  projected  from  an 
apse  with  velocity  from  infinity. 

10.  If  S  and  P  mutually  attract  each  other,  force  a  ^»  the  axis 

major  of  the  ellipse  described  by  P  round  ^  :  axis  major  of  ellipse 
described  by  P  round  S  fixed  in  the  same  time  : :  ^(^S  +  P)  ;  ^S. 
Prove  this,  and  apply  it  to  compare  the  quantities  of  matter  in  S 
and  P. 

11.  A  weight  is  suspended  by  a  rope  reaching  from  the  Earth's 
surface  half  way  to  the  centre.  Required  the  variation  of  the  rope's 
thickness  that  it  may  be  equally  strong  throughout. 

12.  Shew  how  the  actual  quantity  of  matter  and  mean  density  of 
the  Earth  may  be  determined. 

13.  Find  the  attraction  of  a  straight  line  to  another  bisecting  it 
at  right  angles,  and  account  for  the  result 

14.  Give  the  method  of  comparing  the  diameters  of  the  Earth. 
{Newton  Prop.  I9.  Vol.  III.) 

15.  Prove  that  the  mean  decrement  of  the  motion  of  the  Moon's 
nodes  to  be  subtracted  from  their  mean  motion  =  ^  of  the  decrement 
in  syzygy.    {Newton  Cor.  Prop.  SI .  Vol  III.) 


St.  JOHN'S  COLLEGE,  Dae  1827. 

Sedions  I,  II,  IIL 

1.  Explain  what  is  meant  by  continued  finite  curvature,  and  prove 
that  if  the  subtense  of  the  angle  of  contact  do  not  vary  ultimately 
as  the  square  of  the  conterminous  arc,  the  curvature  is  not  finite.  Is 
the  curvature  finite  at  a  point  of  contrary  flexure. 
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2.  Fijad  the  eccentricity  of  an  ellipse^  when  the  time  from  the 
perihelion  to  mean  distance  :  time  from  mean  distance  to  aphelion 

: :  1  :  «. 

3.  Required  the  law  of  force  by  which  a  body  may  describe  an 
hyperbola^  the  force  acting  in  lines  perpendicular  to  the  axis  minor. 

4.  A  body  is  projected  at  an  angle  of  SGP  with  a  velocity  which  is 
equal  to  the  velocity  in  a  circle  whose  radius  is  §^  of  the  distance.-— 
Required  the  diameters  of  the  orbit  described,  its  eccentricity,  and 


position  of  the  apse  fF  a  ~  Y 


5.  Find  the  spac^  due  to  the  velocity  at  any  point  of  a  curve  by 
the  action  of  the  force  at  that  point  continued  uniform. 

6.  A  body  describes  a  parabola  round  a  centre  of  force  in  the  ver- 
tex, find  at  what  point  in  the  orbit  its  velocity  is  equal  to  the  velocity 
in  a  circle  at  the  same  distance. 

7.  A  string  bearing  a  weight  P  at  its  extremity  is  just  strong 
enough  to  support  it  after  oscillating  through  60°.  Shew  that  the 
angle  0,  through  which  it  may  oscillate  so  as  just  to  support  a  weight 

(P      1\ 

8.  Determine  generally  the  curve  which  is  the  locus  of  the  centre 
of  force,  so  that  a  body  may  describe  any  orbit  with  an  uniform  velo- 
city ;  and  give  an  example  in  the  case  of  the  logarithmic  spiral 

9.  The  Earth  being  supposed  spherical,  a  perfectly  elastic  ball  is 
projected  in  a  direction  making  an  angle  of  45°  with  the  horizon,  and 
with  a  velocity  =  the  velocity  in  the  circle  at  the  same  distance. 
Shew  that  after  3  rebounds  it  will  return  to  the  same  point,  and  prove 
that  the  whole  time  of  motion  :  periodic  time  in  a  circle  at  the  Earth's 
surface  : :  2{«  +  >/2)  :  ». 

10.  In  the  above  problem  find  the  position  of  a  circular  ring  so 
that  the  bell  may  just  touch  it,  and  supposing  a  body  to  fall  from  this 
ring,  determine  the  whole  time  of  descent  to  the  earth's  centre. 
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11.  A  body  u  projeoted  in  the  plane  of  the  Earth'i  orbit  at  right 
angles  to  the  diatance  from  the  Sun^  from  a  point  which  equals 
half  the  Earth's  distance^  and  with  a  velocity  which  is  double  the 
Earth's  velocity.  Shew  that  the  time  it  remains  within  the  Earth's 
orbit  :  the  length  of  a  year  : :  1  :  S«. 

12.  A  right  angled  cone  is  suspended  at  its  vertex  A,  and  its  side 
AB  is  kept  vertical  by  a  ring  B.  With  what  angular  motion  mast 
the  cone  revolve  round  AB^  in  order  that  there  may  be  tio  preewre 
at  B. 


St.  JOHN'S  COLLEGE,  Dec.  15,  1828. 

SectwM  I,  tl,  in. 

1.  Pkovb  the  2nd  Lemma;  and  shew  that  if  the  bases  of  the 
Inscribed  rectangles  be  bisected,  and  if  rectangles  be  formed  on  tfaeee 
bases  as  before ;  that  the  difference  between  the  curvilinear  area  and 
the  sum  of  these  inscribed  Rectangles  is  ultimAtdy  half  what  it  was 
in  the  former  case. 

2.  Prove  the  11th  Lemma,  and  determine  whether  the  point  / 
moves  to  or  from  Aia%  curve  whose  equation  is  «  «b  0^  4-  h^. 

3.  Is  the  line  joining  the  bisection  of  any  arc  of  a  curve  and  the 
middle  point  of  its  cho^  ultimately  a  normal  to  the  curve  } 

4.  If  a  body  describe  a  circle  round  two  centres  of  force  A  and 
5,  in  the  s^kme  time ;  prove  that  at  any  point  P,  the  velocity  round 
S  :  velocity  round  R  ::  RP  l  SG ;  SG  being  parallel  to  RP, 
and  hence  construct  for  the  point  where  the  velocities  are  in  a  given 
ratio. 

5«  A  body  cannot  describe  a  curve  unifimnly  esoepl  by  the  aetkNi 
of  foroes  in  the  direction  of  the  normal  and  varying  invefsdy  as  the 

radius  of  curvature  at  each  point. 

6.  Compare  the  force  at  any  point  of  the  logarithmio  spiral,  with 
the  force  in  a  circle  described  at  the  same  distance  and  with  the  ssme 
angular  velocity. 
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?•  If  a  body  be  projected,  at  a  given  diitanoe  and  with  a  given 
velocity,  round  a  centre  of  force  which  varies  inversely  as  the  square 
of  the  distance ;  find  the  greatest  and  least  possible  eccentricities  of 
the  described  orbit. 

8.  In  different  conic  sections  round  the  same  centre  of  force  in  the 
focus,  the  area  described  in  a  given  time  varies  as  the  square  root  of 
the  latus  rectum. 

9.  Given  the  radius  of  the  Earth,  the  velocity  of  a  point  in  the 
equator  and  the  space  through  which  a  body  falls  in  l''  at  the  equator; 
find  the  number  of  days  in  which  a  satellite  would  revolve  round  the 
Earth  at  its  surface. 

10.  With  the  data  of  the  last  problem,  find  the  orbit  which  a 
body  will  describe,  projected  vertically  firom  a  point  in  the  equator, 
with  a  velocity  equal  to  the  velocity  of  the  point  of  projection. 

11.  Prove  that  a  body  attracted  to  two  centres  of  force  A  and  B 

may  describe  an  infinite  number  of  cirdte  in  planes  perpendicular  to 

AB,  and  find  the  form  of  the  surface  of  revolution  which  they 

all  fonxii  and  the  velocity  in  any  given  circle^  when  the  forces  both 

1 
vary  as -^« 

Ifi.  If  a  given  heavy  rod  revolve  in  a  vertical  planej  with  such  a 
velocity  as  not  to  press  on  the  fulcrum  when  in  its  highest  position) 
find  the  tension  of  any  point  of  the  rod  in  any  position. 


St.  JOHN'S  COLLEGE,  May  1830. 

li    Enunciats  and  prove  Lemmas  10  and  11. 

2.  The  limiting  ratio  of  the  sagittie  which  bisect  the  chords  and 
converge  to  a  given  point  is  the  same  with  that  of  tlie  squares  of  the 
arcs,  chords,  and  tangents. 

3.  If  bodies  describe  similar  figures  round  centres  of  force  rimilarly 
situated,  the  forces  at  similar  pobts  oc  (distance)  -r  (time  of  descri« 
bing  similar  arcs)-. 
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4«  in  tlie  flune  or  different  orbits,  if  the  sagittc  of  arcs  be  drawn 
through  the  centres  of  force,  the  centripetal  forces  at  the  middle  of 
those  arcs  are  in  the  limiting  zado  of  the  sagitte  directly  and  squares 
of  the  times  inversely. 

5.  Find  the  law  of  force  tending  to  the  pole  by  which  a  body  ij^y 
describe  the  equiangular  spiral 

6.  Find  the  law  of  force  tending  to  the  focus  by  which  a  body 
may  describe  a  parabola. 

7.  Find  the  periodic  time  in  an  ellipse  round  the  focus. 

8.  Determine  the  axes  and  eccentricity  of  the  conic  section  described 

round  a  centre  of  force  a  (distance)'^.     F  being  the  veloeity,  •— 

the  foroe^  and  p  the  angle  between  the  directbn  of  the  motion  and  the 
radius  vector,  at  the  distance  D. 

9.  Centrifugal  force  =  j^- 

10.  When  a  body  descends  in  a  straight  line  towards  a  centre  of 
force  oe  ( distance)  *S  compare  the  velocity  at  any  point  with  the 
velocity  in  a  circle  at  the  same  distance. 

11.  Determbe  the  time  of  describing  a  given  qpaoe  when  a  body 
is  projaoted  from  a  given  point  with  a  given  velocity,  towards  or  from 
a  centre  of  force  oc  (distance)  ~<. 

19.  Find  the  internal  space  due  to  the  velocity  in  an  eUipse  de- 
scribed round  a  centre  of  force  a  distance. 


St.  JOHNS  COLLEGE,  Dbc.  183a 

SecHoms  I,  II,  III,  VII. 

1.  Provs  Lemma  7*  If  AED  be  the  tangent  at  J,  as  in  the 
Lemma>  shew  how  ED  varies  in  terms  of  AE  or  AD ;  and  thenoe 
explain  dearly  by  the  principles  of  Lemma  1,  that  the  limitiiig  ratio 
9t  AElADk^  ratio  of  e<|uality. 
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2.  ABC  is  a  rigbUmgled  triangle,  whose  hypothenuse  reviains 
constant;  prove  that,  if  AB,  ab  be  two  portions  of  the  hypothenuse 
intersecting  in  P,  triangle  PAa  :  triangle  PBb  : :  CJ5*  :  Cii*  ulti- 
mately. 

S.  Find  the  law  of  force  in  the  orbit,  where  the  angular  velocity 
varies  inversely  as  the  perpendicular  from  the  centre  of  force  upon  the 
tangent. 

4.  If  two  equal  centres  of  force,  which  varies  as  the  distance,  be 
placed  in  the  extremities  of  the  diameter  of  a  circle,  a  body  acted  on 
by  these  forces  may  describe  the  circle  uniformly ;  determine  also  the 
velocity. 

5.  Deduce  from  the  expression,  F  =  -^^  •  limit  ^^  the  law  of 
force  in  a  parabola,  when  the  force  acts  parallel  to  its  axis. 

6.  In  an  ellipse  the  angular  velocity  of  CP,  force,  in  focus,  :  its 
angular  velocity,  force  in  centre,  : :  P's  Imear  velocity  in  the  former 
case  :  its  linear  velocity  in  the  latter. 

?•  Bodies  of  different  elasticities,  describing  a  circle  round  a  centre 
of  force  in  the  centre  which  varies  as  (dist.)''^  strike  one  of  the  radii 
produced ;  determine  the  curve,  in  which  lie  the  extremities  of  the 
minor  axes  of  the  new  orbits. 

8.  The  diminution  of  gravity,  arising  from  centrifugal  force,  at  a 
place  on  the  Earth's  surface,  whose  angular  distance  from  the  pole, 

-J    of  that  at  the  equator,  shew 
that  the  Earth's  eccentricity  «=  (  ^jr  nearly. 

9.  If  Par,  taken  in  PS,  be  the  space  due  internally  to  the  vdocity 
in  an  ellipse  at  P,  the  locus  of  x  is  an  ellipse. 

10.  A  body  falls  from  rest  towards  a  centre  of  force  S,  which 
oc  (dist)"**;  determine  the  time  of  desciibing^a  given  space.  (Prop.  36.) 

]  1.    In  the  last  equation,  if   0  be  the  angle,  which  the  arc,  whose 
versed  sine  is  the  space  fallen  through,  subtends  at  S,  t  the  time  of 
[Supp.  P.  IL]  p 
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motion^  and  T  the  time  through  the  same  qpaoe  hj  the  action  of  the 
force  at  the  beghmiDg  of  the  motion  continued  uniform,  thea 

/  =  r.co8.«^ 

12.    A  phmet  it  at  its  greatest  angular  distance  (a)  from  the  Sun 

t  days  after  passbg  between  the  Earth  and  the  Sun,  shew  that  if  the 

Earth  and  pknet  describe  circles  in  the  same  plane,  the  planet's  peri* 

4twi  i 

odic  time  as •  (1  —  sm.  a). 


St.  JOHN'S  COLLEGE,  Dec  1830. 

Sections  IX,  XL 

1.  Why  cannot  the  principles  of  the  ninth  Section  be  applied  to 
determine  the  motion  of  the  lunar  apsides?  Shew  clearly,  sup- 
posing the  objection  did  not  exist,  how  the  application  might  be 
made. 

2.  The  difference  of  the  forces,  by  one  of  which  the  body  would 
be  retained  in  the  fixed,  and  by  the  other  in  the  moveable  oibit,  Taries 
as  (dist)"*^ 

S.  When  P's  orbit  is  a  straight  line,  and  is  projected  in  am^^ 
qverUid,  construct  for  the  orbit  described  by  p* 

4.  In  orbits  nearly  circular,  having  given  the  law  of  force,  find  the 
angle  between  the  aprides. 

5.  The  angle  between  the  apsides  =  S60  y  i  , —  >  determine 
the  law  of  force. 

6.  The  curves  described  by  two  bodies  S  and  P,  attracting 
each  other,  round  the  centre  of  gravity,  are  similar,  and  the  curve, 
which  P  appears  to  a  spectator  at  5  to  describe,  is  similar  to  either  of 
them. 

7.  Two  bodies,  revolving  round  their  common  centre  of  gravity, 
describe  round  it  areas  proportional  to  the  times, 

H«    Prove  Prop.  66, 
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ft  D«fliie  «<«ddilitioiii,*'  «<abbtiliova"i  ''cental dukniUng  foice :" 
doduce  an  oxprenion  for  tbe  Iwl  mcnUoMdj  and  ibow  when  it 
equaha 

10.  Explain  dearly^  why  the  lunar  months  itfe  longer  in  winter 
than  in  summer. 

1 1.  Determioe  the  effect  of  the  dUturUng  force  on  the  motion  of 
the  Moon's  nodes. 

19.  If  the^temofPand  7  remain  the  aun^  whilst  5  and  <97 
vary^  detemine  thevariafcioos  of  the  angular  enora  of  P  as  seen  from 
T,  caused  by  the  disturbing  force  rf  & 


St.  JOHN'S  COLLEGE,  Dia  18flL 


Sections  1, 11,  III,  VII. 

1.  Ekukciatx  and  prove  Lemma  4.  Shew  that  it  is  true  for 
quantities  of  any  kind ;  and  thence  apply  it  to  prove  that  a  cone  «■  ^ 
of  its  circumscriUng  cylinder, 

8.  The  area  of  the  oonohoid  of  Nioomedes^  between  the  vertex  A 
and  an  ordinate  P^  to  the  aw  ;  the  inscribed  triangle  ilP^  *.;  4  ;3 
ultimately. 

S.  Find  that  point  in  the  diameter  of  a  given  drde  round  which 
as  a  centre  of  force  a  body  may  revolve  in  the  circle^  so  that  the  an« 
gular  velocities  at  the  apsidal  distances  may  be  in  a  given  ratio. 

4.  Supposing  a  comet  in  its  perihelion  to  be  suddenly  acted  upon 

by  the  Earth,  which  is  also  in  its  perihelion,  with  a  fime  v  -  th  of 

that  of  the  Sun,  shew  what  change  will  be  produced  in  the  Comet's 
orbit ;  the  perihelion  distances  and  the  planes  of  the  two  orbits  being 
supposed  to  coincide. 

5.  Find  the  nature  of  the  orbit>  in  which  the  difference  between 
the  centripetal  and  centrifugal  forces  always  oc  ' ,.       » 
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6.  Find  the  qpaoe  due  to  the  yelocity  at  any  point  of  any  curve, 
by  the  action  of  the  force  at  that  point  continued  unifonn ;  and  thence 
determine  the  velocity  in  an  ellipse  at  the  mean  distance,  the'  force 

7«  A  body  moving  in  an  ellipse  round  a  centre  of  force  situatedin 
one  of  its  fod,  is  reflected  at  the  extremity  of  the  latus  rectum^  in  a 
direction  tending  directly  to  the  other  focus,  so  as  to  lose  no  velodty : 
shew  that  the  periodic  tfanes  in  the  new  orbit  and  original  ellipse  are 
equal,  and  determine  the  inclination  of  their  axes  to  each  oiher. 

8.  Supposing  the  time  curve  in  Prop.  39  to  be  a  rectangular  hyper* 
bola  between  its  asymptotes^  find  the  equation  to  the  velocity  curve. 
Determine  also  the  law  of  force,  and  the  position  of  the  centre. 

9.  The  force  varying  as  the  distance,  a  body  descends  fromagiven 
point  A  towards  a  centre  of  force  S,  and  is  acted  upon  at  the  same 
time  by  a  constant  force  in  directions  always  perpendicular  to  AS^ 
Determine  the  motion  of  the  body. 

10.  If  (r)  be  the  radius  vector  belonging  to  any  point  of  any 

curve  described  rounda  centre  of  force  which  varies  as  vs«    x^ \  and 

^,  i'  be  the  external  and  internal  spaces  due  to  the  velocity  at  that 
point  respectively ;  prove  that  the  chord  of  curvature,  at  that  point, 

drawn  through  the  centre  of  force  ^^\  fXy  r 

11.  A  body  A  connected  by  an  elastic  string  with  a  fixed  point  5, 
is  acted  upon  by  a  constant  force  in  the  direction  SA,  Having  given 
the  extensibility  of  the  string,  find  the  whole  distance  through  which 
the  body  will  be  drawn,  and  the  time  of  motion. 

12.  If  the  eccentricity  of  a  planet's  orbit  =  ^,  shew  that  the  time 
of  moving  from  the  perihelion  through  an  angle  of  90*  ^  i  of  the 
periodic  time,  diminished  by  ^  of  the  time  in  which  the  planet  would 
descend  from  the  aphelion  to*  the  Sun,  with  the  velocity  at  the  peii* 
helion  continued  uniform. 
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St.  JOHN'S  COLLEGE,  Dbc  1831. 
Sections  IX,  XL 

1.  Thb  body  will  be  at  an  apee  in  the  orbit  Fpk  at  the  same  time 
as  in  the  orbit  FPK.    (Cor.  1.  Prop.  43.) 

2.  In  orbits  nearly  circular,  having  given  the  law  of  force,  find 
the  angle  between  the  apsides ;  and  apply  the  method  to  the  case  in 
which  the  force  is  constant. 

3.  If  S  and  P  attracting  each  other  describe  curves  round  a  com- 
mon centre  of  gravity  C,  the  curves  will  be  similar;  and  the  appa* 
rent  orbit  of  P  to  a  spectator  at  S  will  be  similar  to  either  of  the 
curves  round  C 

4.  Enunciate  and  prove  Prop.  66. 

5.  Find  the  value  of  the  mean  central  disturbing  force ;  and 
determine  that  part  of  the  ablatitious  force,  which  acts  perpendicularly 
to  the  plane  of  P'b  orbit. 

6.  Explain  the  effect  of  the  disturUng  force  on  the  motion  of  the 
apsides,  in  an  orbit  nearly  circular,  during  one  revolution  of  jP. 

7'  In  di£ferent  systems,  having  given  only  the  form  and  inclination 
of  the  orlnts,  to  compare  the  periodic  linear  and  angular  errors,  and 
also  the  mean  angular  enors  as  seen  from  T. 

St.  JOHN'S  COLLEGE,   May  1831. 
Sections  I,  II,  III,  VIL 

1.  Dbfinb  a  limiting  ratio,  and  from  the  definition  find  the 
ihniting  ratio  of  the  surface  of  a  paraboloid  to  that  of  its  inscribed 
cone. 

2.  Prove  that  cycloids  are  similar  figures;  and  spirals,  the  equa« 
turns  of  which  are  of  the  form  r  rs  asec^-* 

3.  Enunciate  and  prove  Lemmas  2  and  9* 
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4.  The  limiting  ratio  of  the  sagittc^  which  bisect  the  chords  of 
two  conterminous  arcs  and  converge  to  a  given  pointy  is  the  same  with 
that  of  the  squares  of  the  conterminous  arcs^  chords  and  tangents. 
(Cor.  2.  Lenima  11.) 

5.  If  a  bodv  moving  in  a  curve  described  areas  proportional 
to.  the  times  by  lines  drawn  from  the  body  to  any  the  same  point, 
the  body  is  retained  in  the  curve  by  a  force  tending  to  that  point 
(Plop.  Il«) 

6.  In  any  places  whatever,  having  given  the  velocity  with  which 
a  body  describes  a  given  figure  by  forces  tending  to  some  common 
centre,  to  find  that  centre.    (Ptop.  5.) 

7.  Find  th«  kw  of  force  tending  to  the  eentM  by  whiA  a  body 

may  describe  an  ellipse.     (Prop.  10.) 

8.  If  a  body  be  projected  from  a  point  P,  in  a  direction  zPif, 
which  makes  an  angle  with  the  distance  SP,  and  be  urged  by  a  force 

tending  to  S,  which  varies  as  tt: — r^'  it  will  dtscribe  a  cmiie  section 

of  which  S  is  the  focus.     (Cor.  2.  Prop.  IS.) 

9*  In  the  preoeding  qoestiont  having  given  the  faroe»  and  velocity 
of  projectaon,  determine  the  axes  and  eoDentricity  of  tbe  orbit  do- 
scribed. 

10.  Find  the  periodic  time  in  an  eUipse,  the  centre  of  force  bong 
in  its  focus. 

11.  Compare  the  angular  velocity  of  the  distance  SP,  in  aily  oiUtj 
with  that  o£  SY  the  perpendicular  upon  the  tangent 

12.  Prove  that  the  centripetal  and  centrifugal  forces  at  any  potnt 

of  a  curve  are  respectively  —  X  /*  and  — ;  (where  (A)  la  twioetha 
jr       dr  r* 

area  described  in  1",  and  r  and  p  are  respectively  the  radius  vecAor  and 
perpendicular  upon  the  tangent)  Apply  the  farmer  Tirpniwam  ta 
find  the  law  of  force  by  which  a  body  may  describe  the  equiangular 
or  logarithmic  spiraL 
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IS.    The  force  varying  as  -rjr, — -j>  and  tlic  body  descending  in  a 

line  which  is  the  limit  of  an  dlipse  or  hypeihola>  the  velocity  at  any 
point  C  :  vdoctty  in  a  cicde  (radius  AC)  ::  i/(ilC)  :  i/U^JB). 
(Prop.  33.) 

14.  The  area  DE8  (Pfop.  32.)  dcmibed  by  the  indefinite  radius 
SD  during  the  motum  of  the  body  from  C  to  ^,  is  equal  to  the 
area  described,  in  the  sbsm  time  by  a  body  revolving  unifimnly  in 
a  circle,  the  radius  of  which  is  ^  latus  leetnm  of  DBS.    (Ptop.  35.) 

1 5.  Find  the  external  and  hitenial  speees  due  to  the  veloeity  in  an 
ellipse,  when  the  force  varies  as  the  distance. 

16.  The  force  varying  according  to  any  given  law^  and  the  body 
ascending  or  descending  from  rest,  to  find  the  velocity  it  has  acquired 
at  any  place,  and  the  time  of  ilsnolioD.    (Prop.  39.) 


St.  JOHN'S  COLLEGE,  Mat  1831. 

1.  Find  an  expression  for  the  force  by  which  a  body  may  be  made 
to  describe  any  orbit  round  a  fixed  centre  in  the  same  plane ;  and 
apply  it  to  find  the  law  of  force  tending  to  the  focus  of  an  ellipse. 

2.  A  body  is  projected  finom  so  apse,  with  a  velocity  eqnalio  twice 
the  velocity  in  a  circle  at  the  qsme  distance,  and  is  attracted  by  forces 
tending  to  the  same  centre,  one  varying  directly  as  the  distance, 
the  oUier  inversely  as  its  square ;  if  at  the  point  of  projection  the 
latter  force  be  double  of  the  former,  find  the  equation  to  the  orbit 
described. 

3.  In  the  above  problem^  if  «  and  v  denote  theinitial  distaneeand 
velocity,  shew  that  the  body  will  oome  to  a  second  apse,  at  a  distaaoe 
ss  Sa,  after  describing  an  sngjle 

4.  If  the  ases  of  an  hoprngeneoos  oUate  spheioid  be  to  one  ano« 
tiheras  ^fB  :  1,  its  monent  of  inertia  is  the  same  dxmt  all  axes  pasring 
throu|^  one  of  its  poles. 
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5.  If  a  body  be  projected  along  the  concave  superficies  of  a  furfiue 
of  revqlution^  not  in  a  plane  through  the  axis^  and  be. acted  upon 
by  no  force ;  prove  that  its  path  will  constantly  cut  the  generating 
curve  at  an  angle  whose  sine  varies  inversely  as  the  distance  from  the 
axis. 

6.  The  mean  horary  variation  of  the  mclination  of  the  lunar  orbit 
to  the  plane  of  the  ediptic^  for  a  given  position  of  the  line  of  nodes, 
varies  nearly  as  the  sine  of  twice  the  angular  distance  of  the  nodes 
from  syzygy.    (Lib.  S.  Prop.  84.) 

7.  In  the  Lunar  Theory^  given  that 

dj^s  +  *  +  ^m^k  [siu.(gO  -  y)  -  sm.{(2  -  2m^gyfi  +  2fi  +  y}]  =  0, 
find  s,  and  exphun  the  effect  of  the  terms  in  the  expression. 

8.  If  a  comet  describe  an  hyperbola  (major  axis  ss  2a)  about  the 
Sun^  and  the  length  of  the  line  of  nodes  =  ^(secO  ^1),  prove  that 
the  time  of  passage  between  the  no^es  through  the  perihelion 

=  -— -  {tan.O  —  log.(8ecfl  +  taii.8)}, 

P  being  the  Earth's  period  at  the  mean  distance  1. 

9*  The  sides  of  an  isosceles  triangle  are  formed  of  slender  uniform 
prisms^  attracting  with  forces  a  D"^;  find  the  vertical  an^e,  in 
order  that  a  particle  may  remain  at  rest  in  a  pointy  which  divides  the 
perpendicular  from  the  vertex  in  a  given  ratb. 

10.  Let  a,  bj  c,  a\  h\  ff,  be  the  ^  axes  of  two  ellipsoids  whose 
principal  sections  are  in  the  same  planes^  and  have  the  same  foci;  P 
B.  point  in  the  siurfaoe  of  the  first,  and  P  a  point  in  the  surface  of  the 
second,  so  situated  that  their  co-ordinates  are  proportional  to  the 
i  axes  to  which  they  are  parallel ;  A,  B,  C,  A',  B',  C,  the  forces 
parallel  to  the  axes,  with  which  the  first  attracts  P  (a  point  exterior 
to  it),  and  the  second  P'  (a  point  within  it) ;  prove  that 

Ab'</  =  A'bc,  Bctd  =  Bac,  Cf^b'  =  Cab. 

11.  State  and  prove  the  principle  of  the  conservation  of  areas. 

12.  A  body,  repelled  from  a  centre  of  force  varying  directly  as  the 
distance,  is  constrained  to  move  uniformly  by  the  resistance  of  the 
medium ;  find  the  nature  of  its  path. 
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15.  From  what  series  of  points^  in  a  plane  passing  through  two 
centres  of  force,  may  a  body  be  projected  in  a  direction  perpendi- 
cular to  the  plane^  so  as  to  describe  a  circle  ?  and  with  what  velocity 
must  it  be  projected  from  any.  given  one  of  them  ?  force  a  jD"^. 

14.  A  soHd  of  revolution  moveable  about  its  centre  of  gravity  G, 
which  is  the  origin  and  fixed^  and  having  its  axis  incUned  to  the  axis 
of  z  at  an  angle  f ,  has  an  angular  motion  impressed  upon  it  about  a 
line  between  these  two  axes,  and  inclined  to  the  former  at  an  angle 
0^  such  that  k^  tan.9  sbs  k^^  tan.O^  (where  k,  k^  are  the  radii  of  gyration 
of  the  body  about  its  axis,  and  a  line  perpendicular  to  the  axis  through 
G) ;  prove  that  the  axis  of  the  solid  will  constantly  preserve  the  same 
inclination  to  the  axis  of  z,  and  will  revolve  uniformly  about  it ;  and 
the  solid  will  at  the  same  time  revolve  uniformly  about  its  own  axis, 
which  is  in  motion. 

1 5.  Required  the  part  of  the  Sun's  disturbing  force  perpendicular 
to  the  plane  of  the  Moon's  orbit 

16.  For  a  homogeneous  revolving  fluid  mass,  the  obkte  spheroid  is 
the  form  of  equilibrium,  if  the  force  at  the  pole  :  whole  force  at  the 
equator  s  equatorial  axis  :  polar  axis. 

St.  JOHN'S  COLLEGE,  May  1832. 

Sectiatis  h  Us  Uh  VII. 

1.  Enunoiats  and  prove  Lemmas  1,  6. 

2.  Enunciate  and  prove  Lemma  10.  Are  the  quantities  treated  of 
in  this  Lemma  represented  by  quantities  of  the  same  land  ? 

5.  If  a  body  moves  in  a  curve  line  in  a  constant  plane,  and  by 
a  ray  drawn  to  a  fixed  point  describes  areas  about  ihat  point 
proportional  to  the  times,  it  is  urged  by  a  central  force  tending  to  that 
point. 

If  the  description  of  areas  be  retarded,  the  direction  of  the  force 
will  be  opposite  to  that  in  which  the  body  is  moving. 

4to  Campeae  the  forces  at  two  similarly  situated  points  in  similar 
Curves  having  centres  of  force  similaKly  situated. 
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5.  Find  the  space  due  to  the  velocity  in  acmde,  the  body  being 
nrged  by  a  force  equal  to  the  force  in  the  circumfereiice  oontinaed 
uniform. 

6.  In  the  same  or  different  orbits,  if  the  sa^tte  of  arcs  be  drawn 
through  the  centres  of  fbvoe,  the  centripetal  forces  at  the  middle  points 
of  the  arcs  a  limit  (sagitta)  -r  (time  of  describing  arc)'. 

7*  A  body  reyolves  in  the  circumference  of  a  circle,  the  foroe 
tending  to  any  pmnt :  find  the  force. 

8.  Having  given,  at  a  given  point,  the  velocity  and  direction  of  the 
motion  of  a  body,  revolving  about  a  given  centre  of  force  varying  as 
the  distance,  find  the  curve  described. 

9*  A  body  moves  in  a  hyperbola:  find  the  force  tending  to  tbe 
focus. 

10.  A  body  revolves  in  an  ellipse :  find  the  periodic  time. 

1 1.  Find  the  angular  velocity  of  a  body  xevalving  in  ft  ennv^  in 
terms  of  its  distance  from  the  centre  of  force,  and  of  the  area  described 
in  the  time  1". 

12.  A  body  descends  from  rest  urged  by  a  forae  vsrying  aa  tiie 

distance :  find  the  velocity  of  the  body  at  any  point,  and  the  time  of 
describing  a  given  space. 

13.  Find  the  velocity  at  any  point,  and  the  time  of  describing 
a  given  space,  when  the  foroe  varies  inversely  as  the  square  of  the 
distance. 


CAIUS  COLLEGE,  May  1851. 

1.  Enunciate  and  prove  the  ninth  Lemma. 

2.  A  body  being  acted  on  by  a  central  force,  the  areas  described 
are  in  one  plane,  and  proportional  to  the  times  of  description. 

3.  A  body  revolves  in  an  ellipse :  required  the  law  of  force  tending 
to  the  centre. 

4.  A  hoif  is  prqjeoted  with  a  given  vekxaiy,  in  a  given  ditiectaen, 
and  at  a  given  distance  fitnm  a  fiaed  cenAre  towards  wiiicli  it 
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Fa  ^rr»  determine  the  form  and   dimensions  of  the  orbit  de« 

scribed. 

&  The  velocitj  »t  any  point  in  a  curve  is  equal  to  that  which 
would  be  geacnted  by  the  fiyroe  at  that  paint,  continued  oooitaiit, 
and  acting  on  a  body  while  it  moTCS  thnnigh  one  fourth  of  the  dioid 
of  curvature  at  that  point  drawn  through  the  centre  of  force. 

&  A  body  falls  from  rest  from  a  giveo  point  towards  a  oentie  of 
foroe,  F  cf:  jri  required  the  Tallies  of  n  when  the  time  of  de« 
scribing  any  space  can  be  found. 

F  QC  D,  find  the  time  to  the  centre. 

7*    ThediffiwBlicecrfotoesbywhichabodymaybeiMdeftonvolvB 

in  the  fixed  and  moveable  orUts  oe  r=r; — -• 

(Dist.)* 

S,  Find  the  time  of  an  oscillation  in  the  epicycloid,  the  force 
tending  to  the  centre  of  the  globe^  and  varying  as  the  distance. 

9*  If  «iy  number  of  bodies  be  acted  on  only  by  their  nutual 
attraction^  their  centre  of  gravity  will  either  be  at  rest  or  will  aaore 
uniformly  forward  in  a  straight  line. 

10.  The  indication  of  the  Moon's  ofbit  is  greatest  when  the  line 
of  nodes  is  in  sysygies,  and  least  when  it  is  in  quadmtures* 

IK    Ffad  the  attmctaon  of  a  sphere  on  a  partade  wMwut  it,  the 

attraction  of  each  particle  varying  as  the  distance. 

12.  Find  the  horary  increment  of  the  aiea  whieh  the  Meon  de. 
scribes  about  the  Earth  in  a  circular  orbit. 


CAIUS  COLLEGE,  Jtmi  1832. 


L  ExPEJON  folly  what  is  OMant  by  the  expienioos  '*  ultimate 
val]ie''a;ad<'ultimaile  ratio  ;**  andwhatis  thegnendsMthodof  rea^ 
soningin  Newton's  Lemmas. 

8.  Piove  Newton*s  ninth  Lemma.  When  is  the  cujMtnre  of  a 
curve  said  to  be  continuous  ? 
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S.  A  bodj^  acted  on  by  a  foroe  tending  to  a  centre,  will  describe^ 
hf  radii  drawn  to  that  centre,  areas  in  one  plane  and  piaportianal  to 
the  times. 

4.  Prove  Newton's  expression  for  the  law  of  force  by  which  a  body 
will  describe  a  given  curve ;  and  find  by  what  law  of  fbice  tending  to 
the  centre,  a  body  will  describe  an  ell^ne. 

5.  A  body  is  projected  from  a  given  point,  in  a  given  directioD, 
widi  a  given  velocity,  and  is  acted  on  by  a  force  tending  to  a  centre 

and  varying  as  ;  find  the  orbit  described. 

6.  On  the  same  supposition^  shew  that  the  major  axis  of  theoifait 
is  independent  of  the  direction  of  projection^  and  that  the  form  of 
the  orbit  depends  solely  on  the  direction  of  projection  and  the  ratio 
of  the  velocity  of  projection  to  the  velocity  in  a  circle  at  the  same 
distance. 

7.  State  fully  the  several  steps  by  which  Newton  proceeds,  in  the 
ninth  section,  to  find  the  angle  between  the  apsides  in  orbits  nearly 
drcular.  Why  does  this  method  fail  of  determining  the  amount  of 
the  progression  of  the  Moon's  apogee  ? 

8.  A  body  moves  on  a  surface  of  revolution  and  is  acted  on  by 
a  force  tending  to  a  centre  situated  in  the  axis.  Shew  that  the  pro- 
jection of  the  radius-vector  joining  the  centre  and  the  body,  upon  a 
plane  perpendicular  to  the  axis,  will  describe  areas  proportional  to  the 
times. 

9.  Prove  Prop.  66.  Sect  11. 

10.  Shew  that  by  the  disturbmg  force  of  the  Sun, 

(1).  The  distance  firom  the  Earth  and  periodic  time  rf  the 
Moon,  are  increased  above  what  they  would  be  in  the  undisturbed 
orbit. 

(ft).  An  inequality  is  produced  in  the  description  of  areas;, 
whose  period  equals  half  the  synodic  period  of  the  Son  Bad 
Moon. 

11.  Find  the  horary  motion  of  the  Moon's  nodes  in  a  ciitular 
orbit.    (NemUm,  VoL  3.  Fkop.  SO). 
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12.  The  Moon's  longitude  being  expreased  (nearly)  by 

pi  +  2e.  An.{cpt  —  «)  +  — .  8in.(2cp<  —  2«). 

-  J .  ttn.(2ft>^  -  2y)  +  ~  m« .  8m.{(2  -  2m;|rf  +  20}. 

15 

+  — flW8in.{(2  — 2»i  — c)/rf  +  2j3  +  «}  -  Sf9te<.(8in.mn^— 0-^4)* 
4 

Explain  what  is  indicated  by  the  several  terms. 

13.  The  moving  force  by  which  two  homogeneous  spheres  attract 
each  other  is  as  the  product  of  the  masses  directly,  and  the  square  of 
the  distance  of  their  centres  inversely. 

14.  Investigate  the  forces  exerted  by  one  planet  to  disturb  the 
orbit  of  another,  and  the  differential  equations  of  their  motions. 


JESUS  COLLEGE,  June  1832. 
Sectims  I,  II,  in. 

1.  If  in  two  curvilinear  figures  there  can  be  inscribed  the  same 
number  of  parallelograms  which,  when  their  number  is  increased  sine 
limite,  are  ultimately  to  each  other  in  a  given  ratio,  the  areas  of  the 
curvilinear  figures  are  in  that  ratio. 

2.  The  chord,  arc,  and  tangent  in  a  curve  of  continued  curvature 
are  ultimately  ratios  of  equality. 

3.  The  spaces  described  from  rest  by  a  body  acted  on  by  any 
finite  force,  are  in  the  beginning  of  the  motion  as  the  squares  of  the 
times. 

4.  The  limit  to  which  every  curve  of  finite  curvature  approaches 
is  the  common  parabola. 

5.  If  a  body  moving  in  a  plane  curve  describes  areas  proportional 
to  the  times,  by  lines  drawn  from  the  body  to  any  point,  the  body  is 
retained  in  the  curve  by  a  force  tending  to  that  point 

6.  If  AB,  BC  be  the  spaces  described  in  two  equal  successive 
portions  of  time,  the  force  being  supposed  to  act  by  impulses  at  i<  and 
Bf  prove  that  the  tangent  at  £  to  the  actual  path  of  the  body  is  ulti- 
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mately  parallel  to  AC;  and  thence  shew  ihat  thd  apoee  deacribed  by 
the  action  of  the  force  s  half  the  space  described  in  conaequence  of 
the  impulse  in  the  same  time. 

7.  Find  the  apace  due  to  the  veloeity  at  any  point  of  a  enrre  by 
the  action  of  the  force  at  that  point  continued  uniform. 

Q.R 

8.  Prove  that  force  ==  Sa^ .  limit. 


SPi.Qjy 


If  the  force  act  in  parallel  lines,  parallel  to  the  axisof  a  parabola^ 
apply  the  above  expression  to  find  the  law  of  force. 

9.  If  a  body  be  projected  in  a  direction  making  any  angle  with  tho 
distance  from  a  fixed  pdnt^  and  be  attracted  to  that  point  by  a  force 
varying  as  the  distance^  it  will  describe  an  ellipse  or  circle  whose  centre 
is  the  centre  of  force. 

10.  Find  the  law  of  foroe  tending  to  the  focus  by  whidi  m 
body  may  describe  an  ellipse ;  find  also  the  velocity  at  any  point  of 
the  ellipse. 

1 1.  The  periodic  times  in  different  ellipses  round  the  same  centre 
of  force  QC  (asds  major) '. 

12.  The  angular  velocity  round  the  farther  focus  of  an  ellipae  of 
small  eccentricity  is  nearly  uniform. 


SIDNEY  SUSSEX  COLLEGE,  May  18S0. 

Sections  1, 11^  III. 

1.  Find  the  general  equation  to  a  conic  section^  oonsidierdd  aa  th^ 
locus  of  a  point  whose  distances  from  a  giv«i  point  and  a  straight  line 
given  in  position  are  in  a  constant  ratio,  and  particulariie  the  three 
cases. 

g.  Define  the  subtangent  and  subnormal  in  a  curve^  and  show 
that  in  the  parabok,  hitus  rectum  :  rabnormal  ; :  subtangent  ;  ab« 
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3.  Show  that  in  all  the  conic  sections^  if  GK  be  drawn  from  the 
foot  of  the  normal  perpendicular  to  the  distance  SP,  PK  =  |  latus 
rectum. 

4.  Explain  clearly  what  is  meant  by  the  ultimate  ratio  of  two 
quantities ;  show  that  such  a  ratio  exists,  and  apply  the  first  lemma 
to  eranesoent  quantities. 

5.  Enunciate  and  prove  Newton's  9th  Lemma,  and  show  why  it 
will  not  ^ply  to  prove  the  10th>  when  the  force  is  infinitely  great,  or 
when  it  is  infinitely  small. 

&  Define  finite  curvature,  and  prove  the  converse  of  the  eleventh 
lemma. 

7*    If  a  body  be  attracted  to  a  fixed  centre,  the  force  at  any  point 

OR 

of  the  orbit  described  =r  2A« .  limit  ,  if  A  =  2  X  area 

described  in  l'^.    Prove  this,  and  mention  briefly  how  Newton  obtains 
the  different  propositions  assumed  in  the  proof. 

8.  At  similar  points  in  similar  curves,  described  round  centres  of 

force  similarly  dtuatea,provethatthe  force.  «  ^*  «  (per^'L)<. 

9.  If  a  body  be  projected,  in  a  direction  inclined  at  any  angle  to 

its  distance,  from  a  centre  of  force  which  varies  as  rrr-rJ  it  will  de« 

(dist.)^ 

scribe  a  conic  section. 

10.  The  periodic  times  in  different  ellipses  round  the  same  centres 

of  foroe  in  their  foci  a  (axis  major)'. 

11.  Define  paracentric,  and  transverse  velocity,  and  show  that 
they  are  equal  in  the  equiangular  spiral  of  which  the  equation  is 

12-  Compare  the  centrifugal  and  centripetal  forces  at  any  point 
of  a  conic  section,  the  centre  of  force  being  in  the  focus,  and 
shew  that  they  are  the  same  at  the  extremity  of  the  latus  rectum. 

13.  A  body  is  revolving  in  an  ellipse  about  a  centre  of  force  in  the 
focus,  which  is  suddenly  transferred  to  the  other  focus :  construct 
for  the  position  of  the  new  orbit,  find  the  length  of  the  axis  major, 
ani  show  that  the  eccentricity  is  unaltered. 


Digitized  by  VjOOQIC 


^ 


284  sxAifiNATioN  PAraas    [Sid.  Suss A8$o. 


SIDNEY  SUSSEX  COLLEGE,  May  1830. 

1.  Having  given  tlie  time  in  which  a  hody  would  &11  thitmgh  % 
given  space  at  the  Earth's  surface,  the  radius  of  the  Earth  and  the 
Moon's  diitanoe,  find  the  pexiodic  time. 

2.  Find  the  time  of  a  body's  describing  any  portion  of  a  parabolic 
orbit 

S*  Investigate  Newton's  construction  for  the  velocity  and  time 
when  a  body  moves  from  rest  directly  to  or  from  a  centre  of  force 

varying  according  to  any  given  law.    Also  if  force  a  ^»  and  the 

body  descend  from  an  infinite  distance,  trace  the  curves  and  draw  thdr 
asymptotes. 

4>.    If  a  body  be  projected,  in  a  direction  inclined  at  any  angle  to 

its  distance,  from  a  centre  of  force  which  a  j^f  find  the  equation  to 

the  orbit  described;  shew  that  it  possesses  five  species,  and  point  out 
which  of  them  have  apses  and  asymptotes. 

5.  Apply  Prop.  44.  to  determine  the  whole  force  at  p  when  th« 
fixed  orbit  is  an  ellipse  and  the  force  in  the  focus. 

6.  If  a  body  oscillate  in  a  hypocydoid,  tiie  force  being  as  tiie  dis» 
tance  and  tending  to  the  centre  of  the  globe, 

time  of  i  an  oscill.  :  time  to  centre  : :  V(SA) :  »y{SC).  (Prop.  52). 

7<  The  foice  QC  -r^ ».  shew  that  the  axis  major  of  the  ellipse  de- 
scribed by  P  round  s  in  motion  :  the  axis  major  of  that  described  by 
P  round  »  at  rest  in  the  same  periodic  time  : :  ^^(iS'  +  P)  :  ^S. 
(Prop.  60.) 

8.  Investigate  fully  the  effects  produced  on  the  inclination  of  J^s 
orbit  to  the  ecliptic  by  the  ablatitious  force. 

9*  If  all  particles  of  matter  attract  each  other  with  forces  which 
QC  x^'  ft  corpuscle  placed  within  a  spherical  shell  is  equally  attra^^ 
in  all  directions. 
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10.  If  a  body  move  in  a  plane  acted  on  by  a  central  force,  and 
if  this  force  =  P  at  a  distance  (-\  the  equation  to  the  trajectory 

d^u  P 

described  »«  jS"  +  «  —  Te^S  =  ^'     ( Whewell's  Dynamka.) 

11.  If  a  body  move  through  one  or  more  spaces  bounded  by 
parallel  planes,  and  be  acted  upon  by  a  force  which  is  perpendicular 
to  those  planes  and  which  is  at  the  same  distance  from  them,  the 
angle  of  incidence  is  to  the  angle  of  emergence  in  a  given  ratio, 
(Prop.  94.) 

12.  S  and  H  are  two  equal  centres  of  force,  S  attractive  and  H 
repulsive.  If  SH  be  bisected  in  C  and  BC  drawn  perpendicular 
to  it,  shew  that  a  body  placed  any  where  in  BC  will  describe  a 
semi-ellipse  about  S^  of  which  BC  is  the  axis  minor,  and  S,  H  the 
fod. 

13.  The  Moon  is  retained  in  her  orUt  by  the  force  of  gravity. 


St.  PETER'S  COLLEGE,  May  1831. 

1.  If  a  body  be  acted  on  by  a  central  force,  it's  velocity  at  a 
given  distance  will  be  independent  of  the  curve  described. 

Shew  what  condition  must  be  satisfied  in  order  that  this  may  be 
the  case,  the  body  being  acted  on  by  any  forces.  Will  it  be  satisfied 
if  a  system  of  bodies  move  round  a  common  centre  of  force,  and  be 
acted  on  by  their  mutual  attractions  ? 

g.    If  a  body  be  acted  on  by  a  central  force  which  varies  jj. — r;  9 

shew  that  the  difi*erential  equation  to  the  curve  is 

dA       —  ce  8in.g 

Tr  ""  r^/{c«(l  —  c«  sin.«^  -  0  -  c^)r«}' 
c  being  the  distance,  and  fi  the  angle  of  projection ;  the  velocity  of 
projection  being  e  times  that  which  would  be  acquired  from  infinity 
by  the  action  of  the  same  force. 

Find  the  integral  equation  to  the  orbit,  when  the  velocity  is  greater 
than  that  in  a  drde  at  equal  distance,  and  the  area  described  less. 
CSupp.  P.  IL]  Q 
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5«  Ezpfarin  Mlj  wliai  k  nent  \f  the  Ibed,  and  iBovedhle  ari»ts» 
and  the  orbit  traced  out  in  fixed  fpace,  in  Newton's  9th  Section. 

Find  the  expression  for  the  force  in  the  orbit  traced  oat  in  fixed 
space. 

What  is  the  object  of  this  Section  ?  To  what  kind  of  otbits  does 
it  applj ;  and  how  is  the  expretsioD,  mentioned  in  the  last  ^uestion^ 
ivndered  identical  with  that  for  the  lair  of  focee  in  any  sack  propoaed 
otUtf 

4.  If  a  body  move  in  a  cycloid  on  the  surface  of  an  indined 
plane,  find  the  time  of  one  ogcillation  when  it  descends  fitm  a  giTen 
pointy  taking  aoooisnt  of  friction. 

5.  Two  bodies  attracting  each  other  with  forces  which  oe  - 

being  placed  together^  one  of  them  is  projected  with  a  given  velocity  ; 
determine  their  motions^  and  where  they  will  again  be  together. 

6.  Explain  dcmrly  what  is  meant  by  the  plane  of  the  Moon's 
urbiti  and  how  it  passes  from  any  position  to  the  consecutiTe  one 
when  it*8  inclination  is  varying. 

Investigate  the  motion  of  it's  nodes.    (NemUm,  Prop.  66.) 

7*  ^Vllat  is  the  evection  ?  In  what  ooroUaiy  does  Newton  pcnnt 
out  the  oauao  of  it ;  and  in  which  does  he  indicate  that  of  the  annual 
equation  ? 

8.  State  deaily  the  nature  of  the  dliptical  oriiit  (Newiafh 
Vol.  IIL) 

9«  Dedttoe  tiM  expnsskm  Ibr  the  Iwnry  modon  of  the  node  in 
a  cinnilar  orbit»  awl  thence  diew  diat  if  V  be  tke  kngitiide  of  the 
noik^ 

wlMif^  •  k  the  k«i|piiide  of  die  Moon,  nd  m  the  ratio  of  the 
liwNtt  tW"  iW  Son  «ftd  MocHu 
l%ix^  the  iiiicf|««tauna  ef  tike 

UK    KuwiBMM  DAlinyhin\yww»ie>  «  mF   Up  tetfce 
^MfilieMiMief 
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11,  The  Qgntrci  of  (wrillatioii  and  impenriop  jge  yempwwiL    . 
What  must  be  the  position  of  the  axes  about  which  the  body 

oseiUates^ 

12.  If  a  rotatory  motion,  and  a  motion  of  traaalation  be  oo-exlitent 
in  any  system  of  bodies,  shew  that  in  the  determination  of  the  value 
of  2 .  mv^,  w^  may  consider  them  as  independent  of  each  other. 


St.  JOHN'S  COLLEQE,  Juins  1832. 

).  Thu  orbit  which  the  Sun  appears  to  describe  about  a  planet  is 
an  ellipse;  prove  this  and  determine  the  periodic  timoi 

2.  Two  bodies  start  at  the  same  time  tram  the  farther  apise  in  an 
elllpfle,  one  to  describe  the  ellipse,  the  other  the  circle  on  the  axis 
major,  the  farther  focus  S  being  the  centre  of  force  in  both  cases ; 
Qompaie  the  absolute  forces  in  the  two  orUt^  that  the  periodic  times 
may  be  equaL 

9.  If  ffP  and  Piv  be  the  e](temal  and  internal  spaoes  due  to  the 
velocity  at  the  point  P  in  an  ellipse,  force  in  foous  i  shew  that 
Sff,  Sp,  Sz  are  in  harmoQipal  progression. 

4.  A  weight  P  suspended  by  a  string  (c)  is  drawn  d°  from  the 

vertical  by  the  action  of  a  force  placed  in  the  same  horizontal  plane 

with  the  original  positigo  of  P,  and  at  a  distance  (a)  firom  it>  shew 

^t^  Ai.    4.     •       if  ^1-    _.  .  ^  coflec.d  —  d    - 

that  the  teaaion  of  the  string  m  -^ rr-~ .  Pg. 

"      a  cotan.e)  —  c      ® 

5.  Investigate  the  equation  to  the  isochronous  eurve,  when  the 
force  is  constant;  and  acts  in  parallel  lines. 

6.  The  perpendicutors  drawn  ftxmi  a  point  in  a  triangle  upon 
the  sides  are  a,  b,  c,  and  the  angles  which  the  sides  subtend  at  (he 
point  ace  •«  0,  y  I  shew  that  a  partide  placed  at  that  point  aflS  acted 

.  on  by  the  attraction  of  the  sides  ^ which  a  -rr^  will  be  kept  at  rest, 

.-1,1,1^  sin.jfli  ^  sin.jg  ^  £n.^y 
a     0      c  at  0  y     . 

Q2 
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7.  In  a  catenaiy  attracted  to  a  fixed  centre,  if  P  be  the  finoe  of 
attraction  and  p  the  perpendicular  on  the  tangent  fimn  the  oentze 
at  any  point,  then  the  force  by  which  the  body  would  revolve  in  die 

p 

curve  formed  by  the  catenary  oc  — • 

8.  If  or,  y  be  the  coordinates  of  the  highest  point  of  the  curve 
defloibed  by  a  body  acted  on  by  gravity  and  projected  in  vacuo,  at 
an  angle  of  inclination  (a)  to  the  horizon,  their  decrements,  when 
the  body  is  projected  in  a  rare  medium,  in  which  R^k.  velodtj, 

are  -77 — r  and     ^"^  f^  • 

9»  A  sphere,  when  acted  on  separately  by  three  forces,  revolves 
round  three  diameters  inclined  at  the  same  angle  to  each  other  and 
with  the  same  angular  velocity,  determine  the  angular  velocity  and 
the  new  axis  of  rotation,  when  the  three  forces  are  applied  at  the 
same  instant 

10.  Construct  for  the  inclination  of  the  lunar  orbit  to  the  plane 
of  the  ecliptic  at  a  given  time.    {NewUm,  VoL  III.  Prop.  S5J) 

11.  The  equation  for  determining  the  projection  of  the  Mooa*s 

orbit  on  the  ecliptic  is 

P      T  , 

rfs'«  +  « rr  =^' 

P  and  T  being  the  whole  forces  on  the  Moon,  parallel  and  per« 
pendicular  to  the  projection  on  the  ecliptic  of  the  Moon's  distance 
from  the  Earth. 

12.  A  body  P  is  projected  with  a  given  velocity  (a  ^/^)  in  e 
directbn  perpendicular  to  its  distance  SA  from  a  centre  of  force  S, 
(which  QC  distance)  and  which  itself  moves  uniformly  with  velodty 
(F)  in  the  direction  AS  produced.  Determine  the  equation  to  the 
orbit  described  and  shew  that  the  motions  of  P  and  ^  are  parallel 
when  the  co-ordinates  of  P  measured  from  the  original  position  of  iS 

are  (a)  and  Q-l)r. 
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PROBLEMS, 

AND     ' 

MISCELLANEOUS   QUESTIONS. 

TRINITY  COLLEGE,  1820- 

L    What  8uiiiofiiioneymttst.be  laid  out  in  the  3  per  cent  consok 
at  65}  per  cent,  to  produce  an  income  of  £400  a  year  ? 

2.  The  sine  of  any  angle  of  a  plane  triangle  has  to  the  opposite 
side  a  constant  ratio.    What  is  this  ratio  ? 

3.  Find  by  the  method  of  continued  fractions  a  series  of  fractions 
converging  to  t/ig. 

4.  Given  the  three  sides  of  a  plane  triangle,  find 

(1).   Itsarea, 

(2).   The  radius  of  the  inscribed  circle. 

5.  Differentiate  the  following  quantities: 

(»  —■^/C^^)■^ 

(2).    ics 5 

^  "*■  r+  &c  ad  III/; 

6.  Find  a  number  which  bebg  divided  by  2,  3,  5  shall  leave  for 
remainders  1,  2,  3  respectively. 

7.  The  angles  of  any  plane  triangle  being  il,  £,  C,  prove  that 
to  radius  (1), 

4  tan, A .  mi.fi .  sin.C  =s  sin.2ii  +  8in.2B  +  sin.2C. 

8.  (1).  Find  the  locus  of  the  vertices  of  all  the  triangles  de- 
scribed on  the  seme  base,  when  one  of  the  angles  at  the  base 
is  always  double  of  the  other. 

(2).   Hence  trisect  a  given  angle. 

9.  Find  the  radius  of  curvature  at  any  pomt  of  the  common 
cycloid. 
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10.  In  anj  ^herical  trisng^  the  aia  of  great  drdes  dnwn 
from  tlie  thxee  angular  pcrints  pefpendiailar  to  the  opposite  ades 
intecKct  in  the  nme  point 

11.  Sum  the  foUowing  series  s 

5  7  0 

<^>-    1X1:4+2:3^  +  3X0+^^^ 

^  ^    i.«.«^a*s.4  8^3*4.6  ««^         ^ 
(4).  Sin.«  +  »an^t  +  «'iui-30+ •••oilt^. 

12.  A  sphere  of  giren  diameter  descends  in  a  fluid,  ttom  rest,  faj 
the  action  of  gmWtx ;  find  the  gieafeest  tdocity  it  can  aoquue,  its 

specific  gravity  heing  (n)  times  that  of  the  fluid. 

13.  (1).  Of  all  ^uadftkterBl  figurei  ixmtdned  hy  fanr  given 
right  lines  the  greatest  b  that  which  is  insci^hle  in  la  eirde. 

(2).   If  a,  b,c,d  he  the  adea  of  this  quadrilatend,  S  its 

semiperimeter,  shew  that  its 

a^ea=^/{(iy-fl)(iS-.i)(iS-c)(5-rf)}. 

14.  Find  the  centre  of  gyratkm  of  a  given  sphere. 

15.  Any  two  right  lines  intersect  each  other  in  space;  having 
given  their  separate  inclinations  to  three  rectangular  co-ordinates 
passing  through  the  point  of  intersection :  find  their  inclination  to 
each  other. 

1  &    (1).  Trace  the  curve  whose  equation  is  y^(c — jr)  s  x^  -f  hx^, 
and  find  its  area  when  i  as  0. 

(9).  The  equation  to  a  curve  is  y'  —  a:^  4-  x^  »  0 ;  find 
the  value  of  the  ordinate  when  a  maximum,  and  the  correspond" 
ing  value  of  the  ahscissa.  Shew  also  that  it  is  a  maximum  tnd 
not  A  minimma. 

1 7*  State  the  principle  of  virtual  velocities ;  and  hence  shew  that 
if  any  system  in  equilihrium,  acted  on  hy  gravity  alone,  have  an 
tndeftnitely  small  aaotioii  cemmimfaaied  to  Ha  peits^  its  centra  of 
gravity  wiU  neither  ascend  nor  descend. 


Digitized  by  VjOOQIC 


CM.  1821.]  IN  PItOBJUIMSt  &C«  2Sl 

18.  Integrate 

.  .     dx ^^       tbc  .   .         dQ 

and  find  the  relation  of  {x)  to  (^)  in  the  equations 
(1).   xrfy— .yrfa?=syifalog?. 

(2).   <ix  +  x^dx  s=  <^  +  yrfar. 

19.  If  two  weights  acting  upon  a  wheel  and  axld  put  the  machiiie 
in  motion^-  find  the  pressure  upon  the  axis  without  taking  into 
account  the  machine's  inertia. 

20.  If  (a)  and  (b)  denote  the  aemi-axes  of  an  ellipse,  (9)  the 
angle  at  which  the  radius  of  curvature  (r)  at  any  point  cuts  the 

axis,  prove  that  r  as ■ • 

(a«co8.«d  + J2  8in.2d)* 

21.  The  roots  of  the  equation  a»  —  JP*""^  +  9«*~*  —  &c  =  0, 
heing  m,  fi,  y,  &c  find  the  value  of  «"*  +  |3*  -f  V"  +  •••  in  terms  of 
the  coefficients  p,  q,  r,  &c. 

22.  AP  is  anj  arc  of  a  parabola  whose  vertex  is  A  and  fecus  S ; 
let  N  be  the  intersection  of  a  perpendicular  from  S  on  the  tangent 
at  P  with  the  perpendicular  to  the  axis  from  A. 

Thenif  il5  =  a,  ^ASN^f. 


Shew  that  arc  if  P  —  PJV^  ««•  L  tan.1 


(i+i> 


23.  If  a  circle  whose  diameter  is  equal  to  the  whole  tide  in  any 
given  latitude  be  placed  verticaUy,  and  so  as  to  have  the  lower  ex- 
tremity of  its  diameter  coincident  vrith  the  level  of  low  water,  prove 
that  the  tide  will  rise  or  &U  over  equal  axes  in  equal  times. 


TRINITY  COLLEGE,  1821. 

I.  A  PKRSOK  places  flO,000  in  the  Funds  at  5  per  cent. :  the 
first  year  he  spends  the  whole  interest,  the  aeoond,  third,  &c  years 
he  spends  twice,  three  timeft,  &c«  the  nme  interest:  how  long  will 
his  property  last  ? 
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2.  (1).  Given  a?  +  y  =  a 

a?«  +  ;y3  =  63  .  find  (x)  and  (y). 

(2).   Required  all  the  integral  values  of  {x)  and  (y)  in  the 
equation  ISx  +  14y  =  200. 

(3).   Find  the  numher  of  impossihle  roots  in  the  equation 
j;4  _  6x2  —  3*  —  2  =  0. 

3.  Reduce  an  ohserved  oblique  angle  to  the  corresponding  angle 
on  the  horizontal  plane. 

4.  If  p,p^,  p^,  denote  the  projections  of  any  plane  figure  P  on 
three  rectangular  coordinate  planes^  prove  that 

5.  Find  the  algebraic^  and  thence  deduce  the  polar>  equation  to 
the  eUipse :  the  centre  being  the  origin  of  the  co-ordinates. 

6.  (1).  Investigate  by  the  geometrical  analysis  the  conditions 
required  in  finding  two  mean  proportionals  between  two  given 
straight  lines :  and 

(2).   Shew  how  these  conditions  may  be  fulfilled. 

7.  The  equation  to  lines  of  the  second  order  being 

yS  =  mo;  +  nx^, 
prove  that  the  radius  of  curvature  varies  as  the  cube  of  the  normal. 

8.  Find  a  point  in  the  circumference  of  a  given  circle  such  that 
the  sum  of  its  distances  firom  two  given  points  without  it  may  be  a 
minimum. 

9.  Given  the  side  of  a  regular  octahedron^  find 

(1).  The  inclination  of  any  two  adjacent  faces. 

(2).  The  radius  of  the  inscribed  and  circumscribed  sphere. 

10.  Trace  the  curve  whose  equation  is  x^  +  bx^  +  ay*  s=  0. 

1 1.  In  any  system  of  bodies  the  distance  of  the  centre  of  gyiataon 
from  the  axis  of  motion  is  a  mean  proportional  between  the  distances 
of  the  centres  of  oscillation  and  of  gravity  from  the  same  axis. 

12.  Given  two  sides  and  the  included  angle  in  a  plane  triangle ; 
find  the  spherical  angle  contained  by  the  arcs  of  which  these  sides 
are  the  chords. 
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1 3.  Sum  the  following  series : 

(3).   Sin.ft  +  -  8in.2ft  +  -  an.39  +  •••  ad  i^fimium. 

(4).   Sec.0 .  8ec29  +  secSd  secSd  +  secSd .  8e&40  +  •••  to  (n) 
tenns. 

14.  A  hollow  cylinder  of  uniform  thickness,  and  whose  external 
diameter  is  given,  rolls  down  an  inclined  plane  of  known  length  and 
inclination  in  a  given  time:  required  the  internal  diameter. 

15.  Let  (c)  he  the  tension  at  the  bwest  point  of  the  catenary, 
then,  if  the  co-ordinates  he  measured  from  that  point,  prove  that 

y  =  I  (e«  +  e^)  —  c. 

16.  Find  the  locus  of  all  the  points  from  which  if  pairs  of 
tangents  he  drawn  to  a  given  parahola  they  shall  intersect  at  right 
angles. 

x'^dx 

17.  (!)•  ExhiUt  the  complete  integral  of  -rrj — — 

hetween  the  values  x  =  0,  and  x  =  1. 

Ax 
(2).  Integrate  e^JOsin.'tf:  and 


oJ  +  Sx«  —  4 
also 


dx  ^a  +  bx  +  cy 


dy      «  +  j3x  +  yy 
(3).  Required  the  particular  solution  of  the  equation 

]  8.     Two  weights  heing  connected  hy  a  string  passing  over  a  fixed 

pulley,  one  of  them  is  supposed  to  descend  vertically,  and  to  draw 

up  the  other  in  the  same  plane  along  the  concave  drcumferenoe  of 

a  given  circle :  find  the  velocity  of  each  at  any  point  of  the  descent. 

19*    (1).  Find  the  law  of  thickness  of  a  string  that  it  may  hang 

in  the  form  of  a  semicircle :  and 

(2).  Prove  that  the  tension,  at  the  extremities  of  the  hori« 
sontal  diameter,  is  infinite. 
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20.  A  point  T  is  given  in  the  indefinite  stnd^t  line  TXi  on 
which  as  an  axis  any  number  of  parabolas  are  described^  so  that  the 
parameter  of  each  may  be  equal  to  the  distance  of  its  vertex  from  Ti 
required  the  nature  of  the  line  which  shall  touch  all  these  parabolas. 

21.  If  Dy  D^  be  the  lengths  of  two  degrees  in  two  given  lati« 
tudes  X,  \^ ;  (a)  the  Earth's  equatorial  diameter,  (i)  its  excess  above 
the  polar  diameter,  prove  that 

rf_l D^^D 

a  "■  3  -D  8in.(x*  +  X) .  sin.(x*  —  X)* 

22.  A  ball  of  g^ven  weight  is  placed  at  one  extremity  of  a  l^nri- 
tfontal  plane  of  indefinite  length  which  has  an  uniform  angular 
motion  downwards  round  that  extremity,  find  when  the  balTs 
velodty  will  be  such  as  to  make  it  quit  the  plane. 

23.  If  (r)  be  one  of  the  impossible  roots  of  the  equation 

XT'  —  1  3=  0» 

(p)  being  a  prime  number,  prove  that  all  the  roots  will  be  repre- 
sented by  the  terms  of  the  geometrical  progression  1,  r,  r^  •••  r^^K 

24.  The  force  of  gravity  being  uniform,  find  the  curve  deaetibed 
by  a  projectile  in  a  medium  whose  resistance  varies  as  the  velocity, 
and  shew  that  when  the  resbtance  vanishe5>  the  curve  becomes  the 
common  parabola. 


TRINITY  COLLEGE,  1822. 

1.  The  specific  gravity  of  lead  is  1 1*324,  of  cork  0*24,  of  fir  0-45, 
(calling  that  of  water  1.)  How  much  cork  must  be  added  to  60  lbs. 
of  lead,  thai  the  united  mass  may  weigh  as  much  as  an  equal  bulk 
of  fir? 

4.  A  person  put  out  to  interest  £2000  at  4  per  cenU  ;  he  spends 
annually  £75,  and  adds  the  remainder  of  his  dividend  to  bis  Btod^  i 
what  is  he  worth  at  the  end  of  5  years  ? 

3«    Trace  the  curve  whose  equation  is 
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4b  If  Moh  of  two  solid  ftQglfiS  is  coouined  by  three  plane  angles 
equal  to  one  another^  each  to  each,  the  planes  in  whidi  the  equal 
angles  are,  have  the  same  inclination  to  each  other. 

5.    Solve  the  following  equation^ : 
5x8  +  7ay  -  87  =  O"! 


5x8+ Tory- 87  =  0-1 
^'   5y«+7xy-62  =  0J 


(S).  ar'  —  ««  —  8x— ls=0  by approzimadon. 
(4).   8ar3-^45x<4-7S«--*S0aeO  which  has  a  divisor 
the  form  mx^n, 

6.  Sum  the  following  series  : 

(1).   3  +  12  +  30  +  60  +  105  +  168  +  &C-  to  (»)  terms. 

28       S*      4^       58 
(2).   7  —  J+j  —  j  +  &c-«<^ infinttum. 

7.  P'SP'  is  any  line  (not  perpendicolar  to  the  aads)  passing 
through  the  focus  S  and  terminated  at  P  and  P'  in  the  ellipse ; 
prove  PSP*  greater  than  the  latos  rectum. 

8.  In  atereographic  piojection  of  the  spkete,  the  centre  of  the 
projection  of  any  great  circle  is  distant  from  the  centre  of  the  sphere 
by  the  tangent  of  its  inclination  to  the  plane  of  projection. 

g.  If  a  sphere  be  immersed  in  a  fluid  and  its  specific  gravity  be 
indefinite]/  less  than  that  of  the  fluid,  the  velocity  of  ascent  is  uni- 
form; find  its  value  in  terms  of  the  spheres  diameter,  and  the 
accelerating  force  of  gravity. 

10.  The  centre  of  oscillation  of  a  cone  suspended  by  the  vertex 
is  in  the  base ;  compare  the  altitude  of  the  cone  with  the  radius  of 
its  base. 

11.  Investigate  the  expression  in  the  surfiuse  of  a  solid;  and 
find  the  surface  of  the  solid  generated  by  the  revolution  of  the  com- 
mon cycloid  about  its  base* 

12.  Required  the  chance  of  throwing  one  doublet  and  no  more 
in  one  throw  with  six  dice* 
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IS.  Criven  a  very  small  enor  in  dedinatkni ;  find  die  ecor  in 
right  aaoension. 

14u    Prove  the  parallelogram  of  forces. 

15.  The  force  varies  as  the  distance ;  required  the  various  Knes 
in  piano  along  which  the  oscillations  will  he  isochronous. 

16.  A  curve  is  convex  to  its  axis  if  the  ordinate  and  its  second 
differential  coefficient  are  affected  with  the  same  sign. 

17.  Given  y^  —  Sy  +  jp  s=  0.  Required  y  in  tenns  of  x  ;  and 
show  ^  priori  the  nature  of  the  series  to  he  assumed. 

18.  Transform  ax  4-  &x^  +  cx^  4-  &c.  mto  a  series 

l-x''"(l-xy"*'(l-x)»  +  *^ 
and  find  the  values  of  h'^  d^kcm  terms  of  a,  b,  c,  &c. 

19.  Proye  the  (m  +  n)^  differential  coefficient  of /(xy)  to  be  the 
same  whether  we  differentiate  m  times  considering  x  constant,  and 
then  n  times  considering  y  constant^  or  n  times  considering  jr  oan« 
stant)  and  then  m  times  conridering  x  constant 

20.  Given  ^  and  ^^^  successive  values  of  a  continued  finae- 
tion,  prove  j9«9«4.i**p«4.i9«8s  ±  l  according  as  m  is  even  or  odd,  * 
the  first  approximate  being  ^:  and  find  all  the  positive  integral 
values  of  X  andy  in  ISx—  17y  —  54  s  0. 

21.  Required  the  equation  to  the  curve  in  which  the  perpendicular 
from  the  vertex  on  the  tangent  varies  as  the  square  of  the  ordinate ; 
and  determine  the  equation  to  the  curve  traced  out  by  the  extremitj^ 
of  the  perpendicular. 

22.  Required  the  following  integrals : 

Integrate  also  the  follovring  differential  equations : 
(8).  fldx«  —  xd[y«  =  xyd«y. 
(4).  xdg  =  {y  +  V(x«  +  y*)}dx. 
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23.  A  hoAj  descends  in  a  curve  towards  a  centre  of  foroe^  and 
makes  equal  approaches  to  the  centre  in  equal  times.  Required  the 
equation  to  the  curve,  and  the  variation  of  the  force. 

24.  A  body  (the  lower  part  of  which  is  a  portion  of  a  horimntal 
cylinder)  rocks  upon  a  horiirontal  plane;  required  the  time  of  an 
oscillation. 


TRINITY  COLLEGE,  May  1826. 

1.  Paballblogbamb  upon  the  same  base  and  between  the  same 
parallela  are  equal  to  one  another. 

2.  A  drde,  a  straight  line,  and  a  pomt  being  given  in  pomtion, 
required  a  point  in  the  line,  such  that  a  line  drawn  from  it  to  the 
given  pomt  may  be  equal  to  a  line  drawn  from  it  touching  the  circle. 
What  must  be  the  relation  among  the  data,  that  the  Problem  may 
become  porismaiic,  L  e.  admit  of  innumerable  solutions  ? 

8.  If  i<  be  a  person's  annual  income,  which  terminates  with  his 
life,  and  if  a  be  the  price  of  assuring  £100,  and  r  be  the  interest 
of  £  1  for  one  year,  what  sum  must  he  lay  out  annually  in  assurance, 
so  that  his  executors  may  after  his  death  receive  a  sum  whose  annual 
interest  is  equal  to  the  reduced  income  ? 

4.  In  the  collision  of  imperfectly  elastic  bodies,  the  relative 
velocity  before  impact  :  relative  velocity  after  ll  1  :  e. 

5.  Expand  <i*  algebraically,  and  prove  that  a*  s  «*><«•. 

6.  Given  two  sides  and  an  included  angle ;  required  the  third 
side  in  a  fimn  adapted  to  logarithmic  computation. 

7.  Construct  a  biquadratic,  and  a  cubic  equation. 

8.  Find  the  length  of  the  circumference  of  an  ellipse  of  small 
eccentricity. 

9.  Find  the  diameter  of  curvature  at  the  vertex  of  the  catenary. 

10.  If  no  forces  act  except  the  redstance,  and  that  vary  as  the 
square  of  the  velocity,  then  if  the  times  increase  in  geometrical  pro* 
gression,  the  velocities  decrease  in  the  same  progression,  and  the 
q[Mioes  increase  in  arithmetical  progression. 
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11.  Suppose  n  haUpenoe  to  te  thrown  upj  and  thoie  tbat  mne 
up  beads  to  be  tekwx  away>  and  tha  remaining  cmea  thiown  upi  md 
80  on  in  the  same  manner  till  all  the  baUpenoe  have  come  up  baada  i 
in  what  number  of  throws  ia  it  an  even  chance  that  tbii  will  td^e 
place? 

12.  A  circular  chain  of  given  length  is  hung  OYer  two  given 
pdnts  in  the  same  borueontal  line;  required  its  position  of  equi- 
librium. 

13.  Given  the  length  and  elasticity  of  a  rod  standing  with  one 
end  on  a  horizontal  plane ;  required  the  greatest  weight  which  it  can 
support  at  the  other  end  without  bending. 

14.  Two  points^  connected  by  a  rod,  and  acted  on  by  gravity, 
slide  along  two  given  inclined  planes ;  to  determine  the  motion. 

15.  In  a  system  conskting  of  any  number  of  points  moveable 
about  an  axis,  a  force  acts  to  turn  the  system ;  to  find  the  eActive 
accelerating  force  on  any  point. 

16.  Explain  the  phyijical  cause  of  solar  precession,  and  solar 
nutation. 

17.  Sum  the  series, 

(I).   1. S, 4  +  8. S. 5  +  3,4. 6  +  &a* 

(2)-   il  +  ii  +  3?  +  •••  ^^  infinUum, 

18.  Find  the  integrals  of 
sin.0.cos.^di9 


(!)• 


!-««««».«» 


(2).   ^  +  n«M  +  6co8.(ne  +  D)  =  0. 

19.  Investigate  tho  criterion  of  Pdx  +  Qdif  +  Bdz  being  an 
exact  differential ;  and  integrate  the  equation 

dx{y  +  2)  +  dy  (x  +  z)  +  dz(x  +  ^)  =  0. 

20.  Draw  a  tangent  plane  to  an  ^psoid,  and  find  the  equaticm 
to  its  normal. 

21.  Prove,  without  supposing  that  an  equation  may  be  i^aolvad 
into  factors,  (1)  that  every  equation  of  an  odd  degree  must  h«?o  one 
real  root ;  (2)  that  every  equation  of  an  even  on^j  whose  last  term  is 
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amative,  mint  liftve  two  real  loots.  (S)  What  aif^ment  nay  be 
brought  to  shew  that  the  same  is  true,  whoi  the  last  tena  is  positive  > 
and  how  does  it  follow  fix>m  all  this,  that  an  equation  has  as  many 
roots  as  it  has  dimensions? 

82.  Let  there  be  any  number  of  plane  areas  given  in  magnilude 
and  position ;  it  is  required  to  determine  that  plane  on  which  if  these 
areas  be  projected^  the  sum  of  the  projections  may  be  a  maximum. 
Prove  also  that  the  sum  of  the  projections  on  a  plane  pexpendicular 
to  this  last  will  bO. 

25.    If  Af  B,  C,  !>•••  be  the  angular  points  of  an  equilateral 
polygon  of  m  sides  inscribed  in  a  circle,  whose  radius  ss  a,  and  P 
be  any  point  in  the  circumference^  then  will 
PJ«»  +  FjB** + PO  +  &c  ss  III  times  the  middle  term  of  (1  +  a«)««, 
provided  »  be  less  than  m. 

34.  Ptove  the  principle  of  least  action,  and  apply  it  to  determine 
the  curve  described  by  a  body  acted  on  by  a  constant  force  in  parallel 
lines. 


TRINITY  COLLEGE,  May  1831. 

1.  Thb  exterior  angles  of  any  multilateral  figure  are  together 
equal  to  four  right  angles. 

2.  Prove  that  in  extracting  the  square  root  of  a  number  according 
to  the  common  rule,  when  any  number  of  figures  p  have  been  ob^ 
tained,  p  —  1  at  least  may  be  added  by  division  only.  Extract  the 
square  root  of  2  to  six  places  of  decimals. 

S.    Required  the  approximate  ratio  of  f^ax  —  ar*  +  ^f"y     ^ 

(a*  4- 6*)^  when  x  is  equal  toa  +  h,  and  A  is  small  compared  to  a. 

4w    Expand  a'  in  a  series  proceeding  according  to  the  powers  of  t. 

5.    Obtain  a  series  for  (8in.x)"  in  terms  of  the  sines  or  cosines  of 
multiple  arcs,  for  the  several  cases  in  which  n  is  of  the  forms 
2p,  4p,  2p+  1,  4p+l. 
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&    Gire  a  method  (not  tentatiye)  of  fmding  all  the  roots  of  an 
equation  which  are  whole  numhera ;  and  apply  it  to  the  equatioa 
0^4  4.  2jr»  -  14tf8  4-  2a?  —  15  »  0. 

7«  Required  a  solution  of  the  hlquadratic  x*  +  qji^+  rx  +  s  =  0. 
Shew  that  the  success  of  any  mode  of  solving  this  equation,  depends 
upon  the  dccnmstanoe,  that  the  sums  of  its  roots,  taken  two  and  two, 
are  of  the  forms  ±a,  ±b,  ±c> 

8«  Find  the  general  equation  to  the  tangent  at  any  point  of  a 
curve,  when  the  co4irdinates  are  oUique.  Take  as  an  eiamplff,  the 
eUipsCj  the  axis  of  co-ordinates  being  parallel  to  conjugate  diameten 

9-  In  a  spherical  triangle,  having  given  two  sides  and  the  indoded 
angle,  find  the  other  angles. 

10.  Having  given  the  three  edges  of  a  parallelopipedon  and  the 
angles  they  make  with  each  other,  find  the  solid  content 

1 1.  Determine  the  angle  which  two  ^ven  planes  make  with  each 
odier. 

12.  State  the  principle  of  Monge's  method  of  finding  the  equa- 
tions  of  surfaces  described  after  ^ven  conditions;  and  find  the  general 
equation  of  conical  surfaces. 

13.  Find  the  conditions  of  equilibrium  of  any  number  of  forces 
acting  in  any  directions  on  a  rigid  body. 

14.  At  any  point  of  a  curve  surface,  determine  the  radius  of 
curvature  of  the  section  made  by  a  plane  passing  through  the  normal, 
and  express  it  in  terms  of  the  radii  of  greatest  and  least  curvature. 

15.  The  expansion  by  Taylor's  Theorem  of  f(x  +  h)  cannot 
contain  fractional  or  negative  powers  of  A,  so  long  as  the  value  of  x 
is  indeterminate. 

16.  Obtain  the  difierential  of  the  area  of  a  curve  referred  to  pohr 
co-ordinates. 

Apply  it  to  find  the  area  of  the  loop  of  the  curve,  the  equation  ta 

which  is  r  as 

J 

cos.«- 

S 

17.  Integrate ?^— ,     — ^5:^i_.   and  e^cos.««A 
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18.  State  the  mode  in  which  differential  equations  are  derived, 
and  from  the  principle  of  derivation  shew  that  the  complete  inte- 
gral con  tains  a  numher  of  arbitrary  constants  equal  to  the  order  of 
the  equation. 

Exemplify  by  eliminating  m  and  n  from  ^*  —  mx  —  fix*  =  0.  . 

19.  Required  the  integrals  of  xify  ^  ydx  s  ^/(a^  +  y^)^Sf> 

ePy  .  ^     dz         dz 

^  +  n^S  s=s  i<8m.iMP,  and  X  j^  +  y  J-  =  nz. 

20.  ltj{x,  ^,  c)  s  0  be  the  equation  of  any  curve,  and  an  in« 
definitely  small  variation  be  given  to  the  parameter  c,  then  will 

dc 
Shew  that  by  eliminating  c  between  these  two  equations,  ihe 
equation  of  a  curve  is  obtained,  which  touches  all  those  that  result  by 
giving  to  c  all  possible  values. 

21.  The  moment  of  inertia  of  any  system,  with^  respect  to  any 
given  axis,  is  equal  to  the  moment  about  an  axis  parallel  to  this 
passing  through  the  centre  of  gravity,  together  with  the  moment 
of  the  whole  body  (collected  in  its  centre  of  gravity)  about  the  given 
axis. 

22.  The  centres  of  suspension  and  oscillation  are  redprocaL 
25.    Demonstrate  the  principle  of  the  conservation  of  vis  viva. 

TRINITY  COLLEGE,    May  1831. 

1.  Pbovb  the  rule  for  pointing  in  the  extraction  of  the  square 
root  of  a  numerical  quantity,  partly  integral  and  partly  decimal. 

2.  Find  the  number  of  solid  feet  and  parts  of  a  foot,  in  a  lectan- 
gular  solid  Uock  of  wood,  the  edges  of  which  are  10  feet  4  inches,  3 
feet  7  inches,  and  2  feet  5^  inches  ya.  length. 

3.  Having  ^ven  A  an.{x  4-  B)  equivalent  to 

a  mxL{x  +  b)  +  a'cos.(x  +  b% 
determine  A  and  B  in  terms  of  a,  ef,  b,  and  6^ 

4.  Obtain  an  expression  for  tan.nd  in  terms  of  tan.O,  and  shew 
that  it  remains  of  the  same  form  whether  n  be  integral,  negative,  or 
fractional. 

nSupp.  P.  II.3  K 

Digitized  by  VjOOQIC 


249  EXAMINATION  PAPBftS  [2Vtll« 

5.  If  a  side  of  a  plane  triangle  be  determined  ftom  the  other 
sides  and  the  included  angle,  and  a  small  error  («)  be  oommitted 
in  taking  the  angle,  the  consequent  error  in  the  determination  of 
the  side  =:  pa,  p  being  the  perpendicular  from  the  angle  on  the 
side. 

6.  Transform  ;»>  +  ^jp  +  r  s  0,  into  an  equation  of  the  form 
2z^  —  Saz^  —  a  ss  0,  and  determine  in  what  case  the  transformation 
is  possible. 

a9       4 

7.  Shew  that  if  tan.^d  "*  ^  X  ;2>  the  possible  root  of  tho  trans* 

formed  equation  in  the  preceding  question  is. 


K)*-(-i)» 

8.  There  are  an  indefinite  number  of  spherical  caps,  having  equal 
surfaces  but  different  radii,  and  having  a  common  tangent  plane  at 
their  poles :  it  is  required  to  determine  the  surface  in  which  the  oir- 
cumferenoei  of  their  bases  are  situated. 

9.  If  the  plane  section  of  a  right  cone,  whose  vertical  angle  is  ^ 

be  an  ellipse,  the  greatest  and  least  distances  of  the  circumference  of 

which  from  the  vertex  are  D  and  U ;  then  will  the  semi-axis  minor 

6 
of  the  ellipse  e  s/il)!/)  sin.-* 

10.  By  means  of  the  preceding  proposition  prove,  that  the  locus 
of  the  vertices  of  all  right  cones  having  the  same  section  is  an  hyper- 
bola. 

11.  A  given  cylinder,  the  centre  of  gravity  of  which  is  distant 
by  D  from  the  axis,  is  placed  with  its  axis  parallel  to  the  horiiontal 
plane,  on  a  given  inclined  plane,  the  friction  bebg  such  as  to  prevent 
sliding :  required  the  position  of  stable  equilibrium  ;  also  the  least 
value  D  may  have,  that  there  may  be  a  position  of  rest 

12.  A  heavy  flexible  envelope  exactly  surrounds  a  sphere,  and  is 
supported  by  it ;  shew  that  the  tension  at  the  highest  point  is  less 
than  the  weight  of  the  envelope. 

13.  Having  given  r*  s=  a-  oos.20,  the  polar  equation  of  the  lemnis- 
cata,  find  the  centre  of  gravity  of  the  surface  generated  by  the  revo« 
lution  of  one  of  its  loops  about  Its  axis. 
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14.  Determine  the  distance  of  the  point  of  contrary  flexure 
of  the  eorve,  the  equation  to  which  is  rtm  a9*,  from  the  pole  of  co- 
ordinates. 

15*    Obtain  from  the  equation 

in  which  the  differential  coefficients  are  partial^  the  value  of  f  on  the 
supposition  that  it  is  a  function  of  («^  +  ^^  +  z^.) 

16.    Required  the  Value  of  2(i»^  -f  ftdr<> 

17'  Obtain  the  equation  of  the  plane  in  which  two  given  straight 
lines  which  pass  through  the  origin  of  coordinates  are  situated.    ' 

18.  If  POP',  QOQ^,  be  two  straight  lines  passing  through  any 
point  0,  and  terminated  bjr  the  surface  of  an  eilipaoid,  and  If  c,  c\ 

PO  X  OP'     c* 
be  the  lengths  of  the  diameters  parallel  to  them,  ^ jpr—  =  — . 

19*    The  ultimate  section  of  any  contiguous  surface  by  a  plane, ' 
when  the  portion  of  the  surface  cut  off  is  bdefinitely  diminished,  is  in 
general  an  ellipse. 

20.  A  given  cylinder  unrolls  from  a  vertical  string  fastened  to  a 
fixed  point,  and  as  it  descends,  another  string,  to  which  a  given  wei^t 
is  attached,  unwinds  from  it:  requured  the  aeoeleiative  forces  of  the 
two  weights. 

tU  Determine  the  motion  of  a  body  on  an  inclined  plane,  the 
part  in  contact  with  the  plane  being  cylindrical,  and  the  friction  being 
such  as  to  prevent  sliding. 

Shew  horn  the  result,  that  the  time  of  the  small  oscillations  of  a 
pendulum  is  very  little  affected  by  a  slight  defect  of  horizontality  in 
the  plane  on  which  it  oscillates. 

22.  A  body  projected  in  any  direction,  revolves  uniformly  about 
an  axis  in  it,  which  continues  horisontal  and  describes  a  parabola : 
determine  the  position  of  the  axis  about  which  the  body,  at  any  point 
of  its  path,  appeafi  for  an  instant  to  revolve,  and  shew  that  this  axis 
also  describes  a  parabola. 

B  2 
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^3,  Deflcribe  geometrically  the  (peloid  whidi  is  die  bischystochro- 
nouspath  from  a  given  point  to  a  straigbt  line  making  an  angle  of 
45°  with  a  horizontal  line  through  the  pointy  the  motion  being  fup> 
posed  to  be  from  rest :  and  shew  that  if  c  be  the  distance  of  the  in- 
tersection of  this  line  with  the  horizontal  line  from  the  given  point, 

2c 
the  radius  of  the  generating  circle  of  the  cycloid  =  — - 


TRINITY  COLLEGE,  Jwkb  18S2. 

1.  THBangleatthecentreof  a  circle  is  double  of  the  ang^  atthe 
drcnmference  upon  the  same  base. 

S.    Seduce  the  fraction    "^ : to   its   lowest 

terms. 

3.  Find  the  number  of  combinations  of  n  things  taken  r  and  r 
together;  and  if  ten  letters  a,  6,c  &c  be  taken  five  and  five  together, 
in  how  many  of  thiem  will  a  and  b  occur? 

4.  What  sum  of  money  must  be  placed  out  at  simple  interest,  fior 
five  years,  at  4^  per  cent,  that  the  amount  may  be  1,000L 

5.  The  Napierian  logarithm  of  1  +  iV^=  N^iN^  +  ^N^  —  &c.; 
prove  this,  and  find  the  logarithm  of  1*5  to  S  places  of  dfficimak 

6.  The  consecutive  terms  in  a  series  of  fractions  converging  to  ^ 
are  alternately  greater  and  less  than  the  true  value. 

7.  Find  the  general  expression  for  the  tangent  of  a  compound  arc, 
in  terms  of  the  tangents  of  the  component  arcs. 

cos.a  — -  C08.6  COB.C    '. 


8.    In  a  spherical  triangle  cos.i^  as 


Bin.6.sinu: 


9.  In  Geodetical  observations,  shew  how  to  reduce  the  observed 

to  the  horizontal  angle. 

10.  Solve  the  equation  x'  —  ^x  +  r  ss  o  when  all  its  roots  are 
possible,  and  shew  that  the  solution  is  inapplicable  if  the  roots  be  not 
all  possible. 
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11.  Explain  Newton's  method  of  solving  an  equation  by  ap- 
proximationj  and  find  the  conditions  necessazy  to  ensure  accuracy  in 
the  result. 

IS.  The  areas  of  all  parallelograms  touching  an  ellipse  at  the  ex« 
tremities  of  any  conjugate  diameters  are  equaL 

IS*  Given  the  general  equation  to  a  line  of  the  second  order, 
find  die  angles  which  its  principal  diameters  make  with  the  aads  of  x. 

14.  Shew  how  to  determine  the  value  of  a  vanit^ing  fraction^  and 

find  the  value  of  , — 77— — r-  when  x  =:  0. 
log.Cl  +  x) 

15.  Obtain  the  differential  of  the  arc  of  a  curve  referred  to  polar 

co-ordinates,  and  find  the  whole  length  of  the  curve  whose  equation 

.     d 
isr  =  2asm.*r:' 

16.  State  the  conditions  that  determine  the  order  of  osculation  of 
any  curve  with  another :  also  shew  that  the  circle  of  curvature  cannot 
have  contact  of  the  third  order  with  any  given  curve,  except  its  radius 
have  arrived  at  a  maximum  or  minimum  value. 

17.  If  tf  be  a  homogeneous  function  of  x,  y,  z,.,o(n  dimensions, 
then  will  ''^  =  ^  «^  +  7*  •  y  +  *"  prove  this  and  apply  it  to  discover 

a  factor  whidi  shall  render  Mdx  +  Ndy  a  perfect  differential,  M  and 
N  being  homogeneous  functions  of  x  and^. 

18.  Determine  the  general  expressions  for  the  co-ordinates  of  the 
centre  of  gravity  of  any  curvilinear  area,  and  find  the  centre  of 
gravity  of  a  parabolic  area  bounded  by  a  line  inclined  to  the  axis  at 
an  angle  «• 

19.  The  time  of  descent  down  all  chords  passing  through  the 
highest  or  lowest  points  of  a  circle  are  equaL 

SO.  In  curves  of  finite  curvature,  the  subtense  of  the  an^e  of 
contact  is  ultimately  as  the  square  of  the  conterminous  arc. 

21.    State  the  principle  of  virtual  velocities,  and  from  it  deduce 
the  equations  of  equilibrium  of  a  rigid  system  acted  upon  by  any 
^foroest 
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22.    When  a  heavy  system  is  moreable  about  a  UnuoiitaL  tooE, 
find  the  accelerating  force  upon  it  in  any  podtioa ;  and  aiao  find  the 
length  of  the  simple  isochronous  pendulum. 
.    23.    The  bodies  in  a  system  are  acted  upon  only  by  their  mutual 
attractions.    Proye  the  pnnciple  of  the  conservation  of  areas. 


TRINITY  COLLEGE,  Junk  1832. 

1.  If  (a)  be  the  first  and  /  the  last  term  of  an  arithmetic  series 
in  which  the  common  difference  is  b  and  the  number  of  terms  »» then 

will  tha  sum  of  the  aeries  m  ^ — ^-rrh* 

2(»—  I).  6 

2.  Given  that  p^  +  np  is  a  perfect  square^  find  the  general  form 
of  the  integral  values  of  n. 

3.  Tan.(a  ^b)wan oosecSii  -•  ootSo,  find  the  valuoof  tan.6  in 
terms  of  tan»ii. 

4.  If  from  the  extremities  of  the  base  of  a  semicircle^  two  choris 
be  drawn  crossing  each  other,  and  making  angles  m,  /3,  with  th^  bue, 
and  if  the  extremities  of  the  chords  be  joined^  the  area  o£  the  smaller 
of  the  two  trian^es  iKns  formed/ will  equal  area  of  larger  multtjdied 
by  ooe.2(-  +  0). 

5.  In  a  right^ngled  spherical  triangle  whose  right  ang^  is  C, 
if  Af  Cfhe  given,  and  a  be  required,  find  the  error  introduced  by  a 
given  small  error  of  c,  and  shew  that  when  c  &s  90"  this  error  be- 
comes —  ^  t9,n.A .  {dcy 

6.  If  a  be  the  possible  root  of  the  cube  a^  -^qx  +  rmO,  which 
can  be  solved  by  Cardan's  method,  then  must  a  be  greater  than 

7*    If  jP  be  any  point  in  an  eUipie  whoia  vertex  ImA^A  nearer 

ASP 

focus  S,  then  will  t9m.PAS  as  (l  +  e)  cot. 

8*    Two  indefinite  atnu^t  lines  peas  thmu^  two  giirea  points, 

and  intersect  each  other  at  rigjit  angles,  if  these  lines  be  now  enp* 
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posed  to  rovolve,  with  an  equal  and  uniform  angular  velocity,  about 
tbe  two  given  pointSi  find  the  locus  of  their  successive  pomts  of  in- 
tenectioa ;  firsts  when  the  aiotions  are  in  the  aame,  seooodly,  when 
they  are  in  different  directions. 

9.  Find  the  distance  of  a  given  point  from  a  given  line  in  space. 

10.  The  volume  of  the  maximum  spheroid  inscribed  in  a  cone 
equals  one  half  the  volume  of  the  cone. 

11.  A  sector  of  a  circle  revolves- flatways  round  a  diameter  at 
right  angles  to  its  axis,  and  the  volume  of  the  solid  generated  equals 
one  half  the  volume  of  the  equiradial  sphere,  find  the  angle  of  the 
sector. 

12.  Fmd  the  equation  to  tbe  conical  «urfaoe«  when  tbe  directrix 
is  an  ellipse  in  the  plane  of  xy,  and  the  vertex  a  point  in  tbe 
axis  of  z, 

13.  If  a  catenaiy  and  a  parabola  have  a  common  vertex  and  a 
common  axis^  and  if  the  latus  rectum  of  the  parabola,  equal  twice 
the  length  of  the  chain,  whose  weight  expresses  the  tension  at  the  - 
lowest  point,  then  will  the  arc  of  the  catenary  equal  the  corresponding 
chord  of  the  parabola. 

1 4.  Integrate  Ibfi  folk  whig  di^entiak  and  differential  equations  : 

^y  .    A^  .    -D        r.  dz   ^     dz 

15.  From  what  point  in  9,  given  lioB*  and  in  what  diveedon/and 
with  what  velocity,  must  a  heavy  body  be  projected,  that  the  path  of 
tbe  projectile  may  have  contact  of  the  seoond  order  with  a  given 
circle  at  its  highest  points  the  given  line  being  a  tangent  to  the  given 
circle  ? 

16.  A  paraboloid,  the  density  of  whose  circular  sections  varies  as 
their  areasj  stands  upon  its  vertex  00  a  horizontal  plane^  what  is  the 
length  of  its  axis  when  the  equilibrium  is  that  of  indifference. 

17.  Find  tbe.ceatie  of  percussion  of  a  circukr  sector  revolving 
flatways  round  its  centre,  . 
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18.  If  a  body  move  on  a  curve  and  be  acted  upon  hf  a  central 
force  P,  if  E  be  the  redaction  and  r,  p,  p,  be  reqsectivdj  the  ladius 
vector,  perpendicular  on  the  tangent,  and  radius  of  curvaUiie  at  mj 

pomt,  then  will  (veL)«  =  ?  (Br  —  Pp). 

19*  A  sphere  revolves  round  an  axis  touching  its  surface,  find  the 
length  of  the  simple  isochronous  pendulum. 

20.  Find  the  moment  of  inertia  of  an  ellipse,  about  one  of  its 
diameters  inclined  to  the  principal  diameter  at  a  given  angle  a. 

%  1 .  Rajs  of  light  diverge  from  two  equally  luminous  bodies  givea 
in  position,  shew  that  the  surface  tif  equal  illumination  with  the 
middle  point  between  them,  is  formed  by  the  revolution  of  a  doable 
oval,  whose  area  equals  ^(Sv  +  S\/S)  a^,  (a)  being  the  semi-distanoe 
between  the  bodies. 

22.  Find  the  centre  of  gravity  of  the  cylindrical  surface,  con- 
tained between  a  plane  perpendicular  to  the  axis  of  the  cylinder,  and 
a  second  plane  making  an  angle  a,  with  the  first,  both  planes  pasang 
through  one  common  point  on  the  surface. 


St.  JOHN'S  COLLEGE,  1816. 

1.  Given  the  base,  the  vertical  angle,  and,  1st  the  sum,  2dly  the 
difierenob,  and  3dly  the  ratio  of  the  sides ;  construct  the  triangle. 

2.  Integrate  the  expresdon  ■■      •* 

3.  Investigate  the  motion  of  an  air.bubUe  ascending  in  water, 
and  shew  that  if  x  be  its  depth,  and  a  the  altitudeof  the  water-baio- 

meter,  its  velocity  is  nearly  a • 

4.  In  extracting  the  square  root,  find  a  limit  which  the  remainder 
cannot  exceed. 

5*    Find  the  time  of  equated  payment  of  two  sums  P  and  p,  doe 
respectively  at  the  end  of  A"  and  n  years. 
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6.    Explain  the  different  effects  of  cannon  shot>  and  the  battering- 
ram. 


,     V      o  "h  ix  ^  cy 
7.    integrate  the  equation^  =s  — .   ^    , — ^« 
X      e-^fx  +  gy 


8.  Exphiin  the  gnomonic  projection^  and  determine  the  projection 
of  a  given  small  circle. 

9.  Snm  the  m^  powers  of  the  roots  of  a  quadratic* 

10.  In  the  ellipse  or  hyperbola,  draw  ApO  parallel  to  any 
diameter  PCG;  then  OA.Ap^  PG.  GC.    A  proof  is  required. 

11.  The  strength  of  a  rectangular  beam  is  proportional  to  the 
breadth  X  (depth)^. 

12.  Every  equation^  whose  ootffidients  are  xeal>  may  be  resolved 
into  real,  simple,  or  quadratic  factors. 

IS.  A  body  revolves  in  an  ellipse  about  the  centre.  How  high 
will  it  rise,  if  reflected  by  a  perfectly  elastic  plane  directly  from  the 
centre  ?  and  how  high,  when  the  plane  is  not  perfectly  elastic  ? 

14.  A  coin  is  chosen  at  random  from  a  number  of  the  same  kind* 
Shew  that  there  is  a  greater  probability  that  in  tossing  it  op,  thesame 
&ce  will  twice  successively  appear,  than  that  first  one,  then  the  other, 
will  come  uppermost. 

15.  Determine  in  what  part  of  the  ocean  there  is  but  one  high 
tide  in  the  day. 

1&    Sum  the  series, 


^  +  1+1+    &C. 


'  to  infinity* 


and,        1.2<+2*23  +  8.2«  +  &cto»  terms. 

17*    The  force  varying  as  the  dbtance,  shew  that  no  mutual  dis« 
turbanoes  would  take  place  among  the  bodies  of  the  universe. 
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St.  JOHN'S  COLLEGE,  June  1817. 

1 .  FiNp  the  value  of  7084  lbs.  at  J  7*.  lO^rf.  of  per  lb. 

2.  The  complements  of  the  cubes  about  the  diameter  of  a  cube 
are,  all  three^  equal  to  one  another. 

3.  Write  down  and  explain  the  most  rapid  prooeas  jou  know  of 
approximating  to  the  circumference  of  a  cihl^  and  calculate  it  tobor 
places  of  decimals.  . 

4.  Find  the  area  of  a  triangle  in  terms  of  its  aides. 

5.  Provo  that  ^bb  dn.il. 0d(.|il  .sec{i4.8ec«|X.&c.  adinfi- 
nitum. 

6.  One  value  of  x  in  the  equation  x*  —  5x^  ^  «  +  5  =  0;  is  5. 
Find  the  remaining  roots. 

7.  In  the  equation  0:^  —  6x«  +  llx  —  6  =  0,  one  root  b  double 
-another.    Find  them. 

8.  A  body  is  projected  upwards  with  a  veludQrof  85  feet  per 
second.     Where  will  it  be  at  the  end  of  half  a  minute  ? 

9.  Find  when  a  body  projected  with  a  given  velocity  fnim  a  given 
point  will  strike  a  vertical  plane  given  in  position. 

10.  CD  is  drawn  from  the  centre  of  the  ellipse  panlld  to  a 
tangent  PA;  ARL  being  parallel. to  £C  its  minor  axis,  prove  tbat 
AR.AL:  AP^y.BOiCiy^, 

11.  A  cone  is  filled  with  fluid.  CoBipfure  the  pressure  upon  its 
surface  with  the  weight  of  the  fluid. 

12.  Find  the  principal  focus  of  a  concavo-convex  glass  lens,  placed 
.in  water,  whoae  thickness  is  inconsiderable,  dm  radii  of  itssurfaces 

being  6  and  8  inches. 

IS.  Find  the  least  circle  of  aberration,  into  which  all  the  homo^ 
geneal  rays  of  the  same  pencil  refracted  by  a  lens  are  collected, 

14.    Find  the  solid  content  of  a  frustum  of  a  cone« 
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15.  Find  the  fluxion  of    — , r^*°^*''^*'  ^'^^  ®^  x.c6s.2*, 

V  Vl  —  *  ) 
where  x  =  log.x. 

16.  What  arc  of  aciide  is  that  which  has  the  product  ofits  chord 
and  cosine  a  maximum  } 

17*    Investigate  the  equation  to  the  curve  which  has  the  rectangle 
between  the  rays  from  two  fixed  foci  v  a  given  square. 

1 8.  Find  the  law  of  force  in  the  hjpetbola  tending  to  the  focus  of 
the  oppottte  hyperbola. 

19.  Prove,  strictly,  that  d  as  Fl^  and  t^  w  ±  J^. 

IMk    Shew  that  the  motion  of  the  nodes  of  P's  orbit  round  T  is, 
on  the  wholoy  retrograde. 

Sl«    Find  the  aqQatfam  to  the  catenary,  and  give  Cole^  oon« 
struction. 

82.    Given  the  huitude  of  the  place,  and  the  Moon's  dadination, 
to  find  the  heightof  the  medium  lunar  tide. 


23. 


9Wia^  +  ^)\    J(2a«+««)*'    Jl-2cos.a.a?+x< 


St.  JOHN'S  COLLEGE,  June  1818. 

1.  Find  the  present  worth  of  897/«  IBs.  6^d.  due'  nine  months 
hence  at  3^  per  cent,  per  annum. 

S.  If  two  straight  Unes  be  cut  by  parallel  planes,  they  shall  be 
cut  in  the  same  ratio. 

3.  Multiply  ^(- a)  by  ^(- A.)- 

4.  In  the  expansion  of  ia  +  bx  +  cx^  +  dd?'  +  &c.)*,  write 
down  the  coefficient  of  sfi. 

5.  In  the  common  parabola,  if  two  parallels  intersect  other  two 
paiallelfe,  the  xtotangjes  contained  by  the  asgments  will  be  propor- 
tionals. 

6.  No  equation  can  hav9  mora  changes  of  signs  Ihao  it  has  posi- 
tive roots ;  iicf  OKVe  ooatinuatiimi  than  ncsitive. 
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7.  Evoy  equadcm  of  an  even  number  of  dimensions  wbote  last 
tens  is  negadTe,  has  at  least  two  possible  roots,  the  one  positive^  and 
the  olber  negaliTe. 

8.  Reqniied  the  number  of  possible  roots  in  the  equation 

x7  —  14x4  4.  90  =  0. 

9»    Expcess  the  roots  ofx'  —  7a:  +  7==Ob3r  continued  fraetimiSy 
and  detennuie  the  accuracy  of  the  approxiniation  of  any  conTei^^ng 
i  deduced  ficom  these. 


la  If  a  body  be  projected  downwards  with  a  vdodty  of  20  feet 
per  ncondl,  find  the  time  of  descriUng  200  feet 

11.  Two  bodies  projected  from  the  top  of  a  tower  with  diffesent 
an^fls  of  elevatioQ  {m,  0) ;  and  different  initial  velocities  (a,  b,)  stiike 
the  hoDaontal  plane  at  the  same  pomt ;  find  the  height  of  the 


IS.  If  a  ray  of  light  refiracted  into  a  sphere,  emerge  from  it  after 
any  pven  number  of  reflections^  to  detemune  the  Hctual  angle  between 
the  direction  in  whidi  it  is  incident  and  emergent 

IS.  If  the  sfitnmomical  telescope  be  adjusted  to  the  eye  of  a 
dMit^a^led  person^  what  will  be  the  effect  upon  the  visual  angle, 
when  the  ^fe  is  between  the  eyeglass  and  its  principal  focus,  and 
wlMn  beyond  it  ^ 

14.  Define  the  term  '  fluent,'  and  from  your  definition  invest!* 
gala  /«^»i. 

15%  The  latus  rectum  of  a  parabola  =s  a,  required  the  area  cut 
oil'  by  a  straight  line  which  intersects  the  axis  at  the  angle  A,  and  at 
Ihft  dialanoe  (i)  firam  its  votex. 

I&    Required  the  length  of  the  catenary. 

I7«    Dr^w  an  asymptote  to  the  curve  whose  equation  is 

1^  A  giten  ri^t  coneis  cut  by  a  given  plane  parallel  to  one  of 
UVi«t\Wsi  And  the  content  of  each  part. 

IjX  ¥tnd  dM  €«itre  of  gravis  of  the  frustum  of  a  paraboloid 
y^\^m  «hil«Ao  h  (A)»  and  the  radii  of  the  bases  i  and  c« 
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20.  If  F  a  D  and  a  body  be  projected  ffom  a  given  point 
with  a  given  velocity  to  or  from  a  given  centre  of  force,  find 
the  actual  time  of  describing  any  given  space.  (Newlon,  Sect.  7* 
Bookl.) 

21.  Investigate  the  orbit  described  by  a  body,  when  projected 
with  a  given  velocity^  from  a  given  point,  in  a  given  direction ;  sup« 

poring/' a  ^. 

22*  A  hiQ  IB  in  the  form  of  a  right  cone.  A  road-way  winds 
round  it  from  the  bottom  to  the  top,  so  as  to  be  inclined  at  each  point 
at  agiven  angle  to  the  horizontal  plane ;  given  the  dimensions  of  the 
hillj  to  find  the  length  of  the  road-way  to  the  top. 

23.  Define,  and  investigate  ezpressionB  for  the  determining  the 
centre  of  pressure  of  a  plane  surface,  and  apply  them  to  find  the 
centre  of  pressure  of  a  semL-parabola  whose  extreme  ordinate  com« 
ddes  with  the  sorfietce  of  the  fluid. 

24.  Exphin  the  cause  of  the  opposite  tide. 

25.  Find  the  fiillowing  fluents : 
*  X*  st  _      C       ot  C  ^  sin.* 


8in.v 


St.  JOHN'S  COLLEGE,  Junb  1829. 


1.  Add  together  *0]25  of  a  pound,  *0625  of  a  shilling,  and*5 
of  a  penny;  and  reduce  \U.  9^.  to  the  decimal  of  a  pound. 

2.  Prove  the  rule  for  finding  the  greatest  common  measure  of 

two  quantities,  and  reduce  ^^-.y +  7«6g(a- &)  ^  *^  ^"^ 
terms* 

3.  Extract  the  square  roots  of  654481,  1  +  >/«*-  24>  and  the 
cube  roots  of  389017,  and  2  +  11  \^  — 1« 
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4.  SoWe  the  following  equations : 

(2).  Z  -:  «JL— 

(3).  S*^-»-*+2«fcO. 

^  ^    8x  — 9y=   6  J 

t^>^  +  aJ«  =  97J 

5.  Ifa;  6  ::  c  ;d,  shew  that  a  +  i  :  a- »  ::  c  +  if  ;c— rf. 

6.  Prove  the  rule  for  finding  the  sum  of  a  geometric  series,  and 

3       2 
apply  it  to  -  +  -+...  fl<i  *nf' 

7.  The  thtee  interior  angles  of  every  triangle  are  ti^gether  equal 
to  two  right  angles. 

8.  If  the  square  described  uponone  of  the  rides  of  a  triing|le  be 
equal  to  the  sum  of  the  squares  described  upon  the  other  two  sides 
of  it ;  the  angle  contained  by  these  two  sides  is  a  right  angle. 

9.  One  circumference  of  a  citcle  cannot  out  another  in  more  than 
two  points. 

10.  The  angles  in  the  same  segment  of  a  drde  ate  equal  to  one 
another. 

11.  Inscribe  a  circle  in  a  given  triangle. 

IS.  Ratios  that  are  the  same  to  the  same  ratio,  are  the  same  to 
one  another. 

13,  Equal  parallelograms,  which  have  one  angle  of  the  one  equal 
til  one  angle  of  the  other,  have  their  sides  about  the  equal  angles  re- 
ciprocally proportional. 

14.  In  a  plane  triangle,  of  which  the  sides  are  a,  b,  c,  and  oppo- 
illo  angles  A,  B,  C,  prove  that 

--— -  CS  -rf  COS.il  «  37- • 

sin.JB      b  ^bc 

l/i.  Draw  a  straight  line  perpendicular  to  a  plane  from  a  given 
|Kiiiii  without  it 


-v 
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St.  JOHN'S  COLLEGE,  Juna  I8S9. 
J.    ExTBACT  the  fourth  root  of  —  a ;  and  prove  that 

if  (a)  he  the  integer  next  less  than  ^NJ 

9.  V\xidL  the  numher  of  (kMiifainatkmi  th*t  can  be  formed  with  (m) 
things,  taken  (r)  together. 

S.  To  describe  a  rectilinear  figure,  similar  to  one,  and  et^ual  to 
another  given  rectilinear  figure. 

4.  Given  the  three  sides  of  a  plane  triangle,  find  its  area  in  a  form 
adapted  to  logarithms. 

5.  Prove  that  -  =s  4tan.""i  -—  tan.***  ---;  and  thence  deduoe- 
a  rapidlj  convergbg  series^  fin*  the  value  of  «r. 

6.  Give  Waring's  solution  of  a  biquadratic ;  and  shew  that  the 
equation  a:*  —  px^  +  gar  —  1  =  0, 

has  four  real  roots,  if  (£^^*  -  (^JZT^^  >  1,  and  only  two 

in  the  contrary  ease. 

7.  Find  the  general  term  of  the  expansion  of  (a  +  6  +  c  +  &c.)^ 
and  extend  the  proof  to  the  case  in  which  the  index  is  fractional  or 
negative. 

8.  All  chords  of  a  drde  terminating  in  the  extremity  of  a  vertical 
diameter  are  described  by  a  heavy  body  in  the  same  time^  and  the 
velocitiei  aoquired  ace  proportional  to  th^  Iengtl^  of  the  chotds. 

9.  State  the  principle  of  virtual  velocities^  and  prove  it  in  the  case 
of  two  weights  balancing  upon  a  bent  lever ;  and  jgenerally  for  a 
system  of  material  pointf,  connected  among  themselvesby  any  physical 
means^  and  acted  upon  by  any  forces. 

10.  Apply  Lagrange's  theorem  to  shew  that 

2  oos.nt  3=  (2  cog.0)»  ^  n{2c(M.Br^  +  ——-  (2  cos.^)*"^  -.  &c.   . 

1  •  z 

and  deduce  the  series  for  sin.9id. 
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11.  All  parallelograms  whose  sides  touch  an  ellipse  at  the  extie- 
mities  of  conjugate  diameters  have  the  same  area;  and  that  which 
is  equilateral,  or  rectangular,  has  respectively  the  greatest  or  least 
perimeter. 

12.  Find  the  polar  equatbn  to  the  parahola,  reckoning  from  the 
focus ;  and  thence  deduce  the  equation 

SY^:=zSP.SA. 

13/  Whenahodyis  immersed  wholly  or  pordyin  a  fluid,  the 
horizontal  pressures  on  its  surface  mutually  counteract  each  oOier; 
and  the  resultant  of  the  vertical  pressures  is  equal  to  the  wdg^ 
of  the  fluid  displaced,  has  its  direction  contrary  to  gravity,  and 
point  of  application  at  the  centre  of  gravity  of  that  portion  of 
fluid. 

14.  A  sphere  is  projected  vertically  upwards  in  a  fluid,  find  how 
high  it  will  rise,  and  how  long. 

15.  Find  the  length  of  the  isochronous  ample  pendulum  when  a 
body  oscillates  about  an  horizontal  axis ;  also  determine  the  axes  about 
which  the  time  of  oscillation  is  a  minimum. 

16.  When  a  weight  is  raised  by  means  of  a  crank,  to  determine 
the  velocity ;  and  to  shew  that  the  arm  of  the  lever  at  the  end  of 

which  it  acts  may  be  considered  as  constant,  and  ^  Tjof  the  breadth 
of  the  crank. 

17.  Integrate  the  equation  of  differences  of  the  first  order 

and  sum  the  following  series : 

JL  4-  -L  ^ 1-  &c  to  (n)  terms,  and  to  infinity, 

2».3«  +  2*.4«  +  2*.5«  +  &c  to  (»)  terms, 

cot.«  -  +  cot.«  ^^i-  +  cot.«  — +  &C.  to  (n)  terms. 

n  n  n 

18.  Express  the  radius  of  curvature  of  any  normal  section  of  a 
curve  surface,  in  terms  of  the  greatest  and  least  radii  of  curvature ; 
and  determine  the  radius  of  curvature  of  any  normal  section,  at  a 
given  point  of  an  oblate  ^heroid. 
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19-  Find  tbe  differential  equation  of  the  Moon's  motion  in 
latitude. 

20.  Assuming  the  principle  of  least  action,  cipply  the  calculus  of 
variations  to  find  the  curre  described  in  one  plane  by  a  body  attracted 
to  a  fixed  centre  of  force. 


St.  JOHN'S  COLLEGE,  Dxo.  1829- 

1.  If  from  the  ends  of  the  side  of  a  triangle  there  be  drawn 
two  straight  lines  to  a  point  within  the  triang^,  these  shall  be  less 
than  the  other  two  sides  of  the  triangle,  but  shall  contain  a  greater 
angle.     {EucL  l.  21.) 

2.  If  two  similar  parallelograms  have  a  common  angle,  and  be 
similarly  situated ;  they  are  about  the  same  diameter.    {EucL  VI.  S6.) 

8.  Planes  to  which  the  same  straight  line  is  perpendicular,  are 
parallel  to  one  another.     {EucL  XI.  14.) 

4.  ABC  is  an  equilateral  triangle ;  £  any  pobt  in  AC;  in  BC 
produced  take  CDssCA,  CJP=  CE;  AF,  DE  intersect  in  H; 

HC  _       AC 
EC  "  AC-^  EC* 

5.  Given  the  base,  the  ratio  of  the  sides  containing  the  vertical 
angle,  and  the  distance  of  the  vertex  from  a  given  point  in  the  base ; 
to  construct  the  triangle. 

6.  The  circumference  of  the  circle  ACE  is  divided  into  six  equal 
parts  in  the  pomts  A,  B,  C,  D,  E,  F ;  G  is  the  centre  ci  ACE; 
with  radius  AC,  and  centres  A,  D,  describe  two  circles  intersecting 
in  H;  with  radius  HG,  and  centres  C,  E,  describe  two  circles  inter- 
secting inK;  AK.AG  =  KG^. 

7.  ABC  is  an  isosceles  triangle ;  draw  CE  perpendicular  to  the 
base  AB;  draw  ADF  intersecting  CE  in  D,  and  CB  in  F; 

BE      CA^CF 
CE'^CA  +  CF 

8.  Find  a*  point  •  in  a  given  straight  line,  such  that  the  sum  of 
its  distances  from  two  given  points,  (not  in  the  same  plane  with  the 
given  straigjht  line)  may  be  the  least  possible. 

[Supp.  P.  IL]  0 
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d.  Sif'  Is  ft  tixAe  in^rfb^d  itt  the  ttkngU  ABC,  toodiiiig  the 
sides  £C,  AC,  AB,  in  A  £»  F;  HIK  is  a  circle  touching  AB  Itt  Jt 
ttod  €;il,  Citf  imdtifced  ^  H^  Ij  kkCti  USiUbGtm  GA,  iad  fal  CI 
IftlM  CMmCBf 

FK^AM,  an^^.AF.FBs^AL.Ma. 

10.  Find  a  pointy  such  that  the  perpendiculars  let  fall  from  it  on 
three  straight  llfi«ai  glrAl  in  podtiofl^  uiaf  16  iU  tt  girtti  ratio. 

1 1.  BE,  A  C  are  parallel  lines ;  F,  G,  H,  &c.  a  series  of  equi- 
dlsfttttt  pbiflM  Ift  ACi  tow  Mfk  Mittlitg  BE  fai  B^  Mid  MF,  EG,  EH 
iio^HkJlgfh  *d. }  Bfi  Bgi  BhU^wtSxk  bftnoohk  ptogMdim* 

12.  With  any  point  A  In  the  circumference  of  the  clrd^  ABf 
as  a  centre^  and  any  radius  AB,  less  than  the  diainetef>  ahd  gteliiet 
than  half  %1MA  i«4ltli  tf  ABW,  9MMiM  A  oMd  OtnHtig  ilJB/  in  F; 
in  it  [)(a«e  thtf  ohorii  JD|  JP£|  £C|  ««cli  iqtidi  id  tlM  diofd  ilS  j 
with  radius  QF,  and  oantrvs  i<  and  C«  describe  two  circles  interaact- 
ing  in  6 ;  with  the  same  radiusi  and  centra  G,  describe  a  «iccle 
intersecting  the  circle  BDF  in  H ;  the  chord  HB  is  equal  to  the 
radius  of  the  circle  ABP. 


St.  JOHN'S  COLLEGE,  Dec.  1830. 

1.  Parallelograiis  upon  the  same  heifli  Attd  between  tb6  Mitie 
{HinillelB  are  e^ual  to  one  ailothtfrt 

S.  Of  unequal  magtiitiides  the  gf  eat 6r  hati  a  pcMit  tutio  to  th^ 
same  than  the  less  has. 

5.  If  the  diameter  of  a  circle  be  one  of  the  equal  sides  of  an 
isosceles  triangle,  the  base  will  be  bbected  by  the  circumference. 

4.  ThI  lift6  Joining  the  centres  erf  the  inscribed  and  circumscribed 
circles  of  a  triangle,  subtends  at  any  one  of  the  angular  points,  an 
angle  equal  to  the  semi-difibfencd  of  the  other  two  angles. 

d(  Fittd  A  pdtil  Without  a  glyon  drde^  suok  that  tho  sum  of  ihe 
two  lineft  dmwn  f^ottt  it  touching  ebo  olrols,  shall  be  squal  lu  the  line 
drawn  from  it  through  the  centre  to  meet  the  circle* 
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0.  If  a  circle  roll  withfai  ftnother  of  twice  its  si^e^  any  point  in 
iu  circumference  will  trace  out  a  diameter  of  the  first 

7*  If  from  any  point  in  the  circumference  of  a  circle,  a  chord  and 
tangent  be  drawn,  the  perpendiculars  dropped  upon  them  from  the 
middle  point  of  the  subtended  arc,  are  equal  to  one  another. 

8.  If  a,  0,  Y,  itpiuswit  ihe  distances  of  the  angles  of  a  triangle, 
from  the  centre  of  the  inscribed  circle,  and  a,  b,  c,  the  sides  respect- 
ively opposite  to  them,  then  a^a  4-  S^h  +  t^c  sx  abc, 

9.  Desoriba  a  doda  thiouj^  a  given  point,  and  touching  a  given 
straight  line,  so  that  the  chord  joining  the  given  point  and  point  of 
contact,  may  cut  off  a  segment  capable  of  a  given  angjle. 

la  Shew  that  the  perimeter  of  the  triangle  farmed  by  joining 
the  feet  of  the  perpendiculars  dropped  from  the  angles  upon  the 
opposite  sides  of  a  triangle,  is  less  than  the  perimeter  of  any  other 
triangle,  whose  angular  points  are  on  the  sides  of  the  first 

11.  Explain  what  is  meant  by  the  equation  to  a  curve ;  find  the 
equation  to  a  straight  line,  and  state  clearly  the  meaning  of  the 
constants  Involvedi 

12.  Trace  the  circle  whose  equatimi  is 

«(ar«  +  y«)+6«(»+3r)atO; 
draw  the  lines  represented  by  the  equation 

y*  —  2xy  sac*  +  ««  ■»  0, 
and  shew  that  the  angle  between  them  is  «. 

1.9.  The  portion  of  a  straight  line  intercepted  by  two  rectangular 
axes,  and  the  perpendicular  upon  it  from  their  intersection,  are  each 
of  a  given  length ;  what  is  the  equation  to  the  line  ? 

14k  Find  the  equation  to  the  ellipsei  and  deduce  that  to  the 
parabola  from  it 

15.  Find  the  co-otdinatee  of  the  point  from  whioh  if  three  lines 
be  drawn  to  the  angles  of  a  triangle,  its  area  is  trisected. 

16.  In  die  last  question,  the  diitiiice>  from  the  angle  A,  of  the 
required  point  =  -(b^  +  c«  -  ««). 

B  2 
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17*  If  the  centre  of  the  inacribed  circle  of  a  triangle  be  fixed, 
and  a,  0,  y,  represent  the  distances  of  its  angles  from  any  fixed  point 
in  space,  then  whatever  position  the  triangle  assumesj  the  expression 
««a  +  /5^6  +  y^c  is  inyariaUe* 


St.  JOHN'S  COLLEGE,  Mat  1831. 

1.  The  interest  of  £847  U.  8d.  for  2  yean  and  4  months  is 
£28,  5s.  l(^d.,  What  is  the  rate  per  cent,  at  simple  interest  ? 

2.  What  is  the  value  of  £'9545454...?     Extract  ihe  square 
roots  of  31  +  10^6  andof  3- V— 7. 

3.  What  is  the  area  of  a  room  17  feet  5  inches  long,  and  10  feet 
11  inches  wide? 

4.  The  redprocsls  of  quantities  in  harmonic  progression  are  in 
arithmetic  progression.    Insert  two  harmonic  means  between  8  and  4. 

5.  Prove  the  Binomial  Theorem  for  all  values  of  the  index :  and 
write  down  the  first  four  terms  of  the  expansion  of  -77-^ :  • 

6.  Solve  the  following  equations : 

(3).   a  +  6x  +  c*«  =  0 

7.  The  sum  of  the  interior  angles  of  any  rectilinear  figme 
together  with  four  right  angles  is  equal  to  twice  as  many  right  angles 
as  the  figure  has  sides :  and  the  sum  of  the  exterior  ang^  is  equal 
to  four  right  angles. 

8.  If  a  regular  polygon  have  n  sides,  any  one  of  its  interior 
angles  =b        ■  . ». 
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9.  One  circle  cannot  touch  another  in  more  points  than  one. 

10.  Describe  an  isosceles  triangle  having  each  of  its  angles  at 
the  hase  double  of  the  third  angle. 

11.  Deduce  from  the  last  proposition  the  value  of  sin.l8^ 

12.  If  a  whole  magnitude  be  to  a  whole  as  a  magnitude  taken 
from  the  first  is  to  a  magnitude  taken  from  the  second,  the  remainder 
is  to  the  remainder  as  the  whole  is  to  the  whole.    Book  5,  Prop.  XIX. 

13.  If  a  straight  line  be  at  right  angles  to  a  plane,  every  plane, 
which  passes  through  it,  is  at  right  angles  to  that  plane. 

14.  Expliun  the  respective  advantages  of  Briggs'  and  Napier's 
systems  of  logarithms.    Prote  that  log.«  N  =  log.«  10  •  log.M  N, 

15.  Prove  that  tan.^  s  ±  J  (l^Z^i^J) 

(cos.il  ±  >/^l  Aii.A)r  =  oos.mil  ±  ^— 1  sin.mi^. 

16.  Given  two  sides  of  a  triangle  and  the  angle  included  by  them, 
find  the  third  side  in  a  form  adapted  for  logarithmic  computation. 

17.  Draw  a  straight  line  perpendicuhur  to  two  given  straight 
lines  in  space. 


St.  JOHN'S  COLLEGE,  May  1831. 

1.  If  four  magnitudes  of  the  same  kind  be  proportionals,  the 
greatest  and  least  of  them  together  are  greater  than  the  other  two 
together. 

2.  If  a  straight  line  be  at  right  angles  to  a  plane,  every  plane 
which  passes  through  it  shall  be  at  right  angles  to  that  plane. 

3.  Sum  the  following  series : 

1 +2  +  3  +  4  +  5  + •..  +» 
1«  +  2«  +  S«  +  4«  +  5«  +  ...  +  «« 
and  from  them  deduce  the  sum  of  the  series 

1.2  +  2.3  +  3.4  +  4.5  +  &c.  to  («)  terms. 

4.  Solve  a  biquadratic  equation  by  Waring^s  method,  and  shew 
that  the  solution  can  only  be  applied  to  those  cases  in  which  two 
roots  are  possible  and  two  impossihle. 
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5.  Solve  the  wcurring  equation 

and  if  a:  =sy  +  2y«  +  Sy'  +  &c.,  find  ^  in  terms  of  x  Vy  reverrion 
of  series. 

6.  Find  the  number  correspopdin^  to  a  logaritl^m  pot  found 
exactly  in  the  tables* 

7.  Find  the  equation  to  a  plane. 

8.  In  the  paraboK  prpve  that  SP.  $A  ;=:  SY* ;  and  if  ordipates 
PN,  pn,  be  drawn  from  the  extremities  of  any  parameter  P^p,  diew 
that  AN  :  AS::  AS  :  An. 

9.  Find  the  equation  to  the  section  of  an  oblique  cone. 

10.  Express  th^  me  mid  fom$  of  aa  aiigk  of  s  plana  triangle 
in  terms  of  its  sides. 

11.  When  a  body  is  supported  upop  a  cprve^  situated  ip  a  vertical 
plane ;  to  find  the  coniUtions  of  equilibrium. 

IS.  Find  the  equation  to  the  catenary,  when  the  chain  is  es- 
tensiUe ;  and  from  it  deduce  that  of  the  catenary  when  ineztensffale. 

1 3.  State  and  prove  the  principle  of  the  conservation  of  vit  viviu 

14.  Determine  the  density  of  the  atmo^here  at  any  altitude 
above  the  Earth's  surface,  supposing  the  force  of  gravity  to  vaiy 
inversely  as  the  sqpare  of  the  distance  from  the  Earth's  centre. 

15.  Prove  the  principle  of  virtual  velocities  in  the  case  of  a  fluid 
inass  aeted  upon  by  any  fbrces. 

16.  When  a  body  is  acted  upon  by  any  forces,  prove  that  the 
motion  of  the  centre  of  gravity  will  be  the  same  as  if  all  those  foreea 
acted  1^  tka  centve ;  and  thie  laotioii  ef  fntatien  ^la  mme  as  if  tiie 
centre  of  gravity  were  tesd,  and  the  saoie  fecees  were  appBed. 

17.  Find  the  attraction  of  a  spbainl  AaB  en  a  eatpnscle  with- 
out it;  the  several  partides  of  ike  shdl  nttneting  with  focoesi,  whidi 

18.  Investigate  an  expvesrfon  ixAtt  wf^  diiiefaioe  of  any  fb&c 
tiaPtintennjief  itswGceaive  valum;  andfnppvnlbil 
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ip.    Fiud  the  Megrak  of 

«*  +  «  +  !>         Si* 


2'  (2x-l)(2jr  +  5) 

and  sum  the  901^68 

11,1  .   _JL_" 

and  also  the  recurrkig  feifei 

1  ^  g  4.  6  +  2S  +  36  +  If9-  to  (x)  tenns. 

20.    Expand r  in  a  series  of  cosines  of  the  piultiples 

of  0. 

2i.  Fin4  thip  Ptfrye  df  fuktot  dwem  f|9ai  Pq^  giv^  ppiftt  tp 
another  given  point. 

2«,  A  |o4  of  giye»  te»g*h  8li4/w  by  graviiy  tiettv^sea  » lioriMAtal 
and  yertml  line.  Fip4  Hih^  MguUr  v^li^ci^f  of  (b^  n4  19  dny 
position ;  and  sheiv  tb»t  tim  cuirv^j  wbicb  the  irpd  alw^y^  touched^ 
is  a  hypocycloid,  having  the  x^m  pf  its  g9i)i?|:«|ti]>9  wbtpd  ^  i  of 
the  radius  of  (he  globe. 


St.  JOHN'S  COLLEGE,  Jv««  liSg. 

1.  Thb  i949Pgit^  <WH|wc4  br  ^  iiif^w^U  Pf  a  fiMdrilatefal 
inscribed  in  9  drde  is  equal  tp  thp  spct^j^glps  coftil^ne^  by  il^  op|^te 
ades. 

2.  Draw  a  straight  line  perpendicular  to  two  ff^m  ^t^nH^  Uaps 
not  in  the  same  plane. 

9,    Shev  tii^at  ef^.a*^ ir+%  jGnr  aU  v«lii« of  «f  wid  ii» 
4»    Inant  »  ividiMetie  meatts  between  a  and  &,  and  sum  die 
aeries  1*  4- 1^  +  ^  +  —  -f  ««. 

5.  Prove  the  formuhe  8in.il  +  cos.y4  s=  ±  y^(l  4.  sin.2i4) 

AxL.A  —  co0.i4  ss  ±  v^(l  —  nxi,ZA), 
and  explun  for  what  values  of  A  the  different  signs  are  to  be  used. 

6.  Investigate  a  foiqnul^k  for  deb^^mjou^  ^be  ntio  of  tbe  cw^uaia 
ference  of  a  circle  to  the  diameter. 
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7'  An  odd  number  of  tbe  roots  of  X'  =  0  lies  between  eadi 
adjacent  two  of  X  s=  0. 

Sx 

8.  Find  by  Trigonometry  ibe  roots  of  x'  —  —  =  ^. 

9.  Express  (a«  —  2aa'  cos.^  +  a'«)"i  in  a  series  of  tbe  form 

^1.      .1.  .    ^  2n     a^  +  n^     .       211  +  1     . 

and  shew  tnat  An^i^^r '        .     .  A  —  ~ r.-An-i- 

%n  —  1      aa  xn  —  1 

10.  IntheeUipse  CP«+CD«=:ilC2+CB«. 

1 1.  Investigate  tbe  equation  to  tbe  section  of  a  rigbt  cQue  made 
by  a  plane,  and  sbew  in  wbat  cases  it  is  a  parabola,  ellipse,  or 
byperbola. 

12.  How  are  force  and  velocity  measured;  and  bow  is  tbe 
numerical  value  of  tbe  force  of  gravity  determined  ?  Wben  a  body 
is  projected  vertically  upwards  witb  a  given  velocity,  find  its  vdocity 
after  ascending  tbrougb  a  given  space. 

13.  Find  tbe  condition  of  equilibrium  that  a  body  may  be  kept 
at  rest  by  given  forces  on  a  curve  surface. 

14.  Wben  a  body  is  sustained  between  two  fluids,  compare  the 
parts  immersed  in  each. 

15.  Find  tbe  density  of  tbe  air  at  any  height  above  the  Earth's 
surface,  gravity  varying  as  (distance)"'  from  the  Earth's  centre. 

16.  If  the  course  of  a  ray  of  light  successively  reflected  at  two 
plane  mirrors  be  in  one  plane,  the  deviation  equals  twice  tbe  inclina^ 
tion  of  the  mirrors. 

17*  A  series  of  waves  of  homogeneous  light  diverges  from  a  given 
point,  and  is  reflected  by  two  plane  mirrors,  which  are  nearly  in  the 
same  plane  witb  each  other.  Shew  that  tbe  appearance  updn  a 
screen  placed  parallel  to  the  intersection  of  the  two  mirrors  is  a  series 
of  black  and  white  bars. 

18.  Suppoang  the  Earth  a  homogeneous  spheroid,  shew  that  the 
force  of  gravity  at  any  point  is  proportional  to  the  normal  at  that 
point  Mention  the  different  methods  by  which  the  Earth's  elliptidty 
is  determined.  From  what  observations  does  it  appear  that  the 
Earih  is  not  homogeneous  ? 


r\ 
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19.    Prove  that  ^•^•^-'^'-^■^-'<^,^^t  + Sf)' 
and  int^rate  the  equation,  Ux+i Ug—a {,Ux+\  —  «,)  +  1  as  0. 


SO. 


UR^'!LM±^. 


(a« + y'«)*     {{x  -  o* + (y  -  y)*}* 

shew  that  the  equations  of  motion  of  a  disturbed  planet  aie 

in  the  solution  of  these  equations  explain  what  is  meant  by  the 
expression  ftd,{R), 

21.  What  are  meant  by  the  periodic  and  secular  variations  in  the 
planetary  orbits^  and  on  what  quantities  do  they  respectively  depend  ? 
Are  all  the  elements  of  a  planet's  orbit  subject  to  secular  variation  ? 
Explain  generally  the  method  which  Lagrange  adopted  for  obtaining 
the  irregularities  of  the  disturbed  orbit  from  the  elements  of  the 
undisturbed  ellipse. 

22.  Prove  the  principle  of  the  conversation  of  vis  viva,  and  shew 
that  the  whole  vis  viva  =.  the  vis  viva  from  translation  +  the  vis  viva 
uom  rotation. 

CAIUS  COLLEGE,  Dbc.  1826. 

1.  At  what  time  after  eight  o'dock^  are  the  hour  and  minute 
hands  of  a  dock  first  at  right  angles  to  each  other  ? 

2.  What  will  a  deal  board,  8  feet  7  indies  broad,  and  10  feet 
3  indies  long  cost,  at  1^.  3d.  the  square  foot  ? 

S.     Prove  that  «n .  (m^  ^  1) .  (m<  —  4)  is  divisible  by  15. 

4.  If  the  angles  of  the  figure  in  Euc.  I.  47  be  joined,  the  sum 
of  the  squares  of  the  lines  bounding  the  figure,  will  equal  eight 
times  the  square  of  the  hypothenuse. 

5.  If  three  cirdes  mutually  intersect,  and  the  corresponding 
points  of  intersection  be  jmned,  the  three  straight  lines  will  meet  in 
one  point. 

6.  If  perpendicularB  be  drawn  to  two  lines  given  in  position 
from  a  point  P,  and  the  distance  between  the  feet  of  the  perpendi« 
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culars  be  a  constant  quantity ;  the  locus  of  P  is  a  circl^^  whose 
oeatre  is  the  intefiection  of  the  two  straight  lines. 

7.  Sum  of  the  tangents  BA,  AC  is  a  constant  quantity ;  prove 
that  the  locus  of  il  b  an  ellipse ;  also,  fiad  th^  relation  of  the  con- 
stants^ Aa^  the  foci  Qi^y  be  in  tl^e  centres  of  the  circles. 

8.  If  an  ellq^  an4  hyperbola  be  dmspM  4«»  ib»  wne  «]|esj  f^ 
any  line  be  drawn  fnnn  the  centre  cutting  them,  the  tangents  at  the 
points  ef  intersection  wHl  make  equid  angles  with  the  axes. 

0,  If  Q,b,G^  the  sides  of  a  tmnj^le,  the  9un  of  tb^  »)i)Mf^  pf 
the  distances  of  the  centre  of  the  inscribed  cir^Q  fron)  th§  affjpd^r 

Gobc 
«  +  »  +  <? 
10.     If  8ip.4^  +  4  sin.3( .  cos.O  ^f  0 ;  find  tan.d. 

U,    MwG  01$  equadoiiff 

««  — 4.(1+  iy3).x  +  S  =  0, 

^  givi9  the  rpo(9  of  ^  lattin:  ip  iiffi  iojpn  of  Uwnml  8uc4^ 

19.     It  Ux^^,  pvove  diat 

X  +  1 

13.  If  a^  6,  c  be  any  quapUti«s  not  all  equal,  prove  that 

rt^  >  (a  +  6  -  c) .  (a  -I-  c  —  6) .  (ft  +  c  —  fl) 

14.  There  are  two  infinite  geometrical  series,  the  first  terms  of 
each  being  unity  ;  if  *,  and  s^  represent  their  sums,  prove  that  the 
■um  of  the  infinite  series  formed  by  muldplying  together  the  corre- 

sponding  terms  =: 


#1  +  #2  -^  1 
15.     ^!0ve  that  An,a  ->  3  sin.2a  -f  5  sra.da  —  m*  to  x  terms 


4  cos.*- 


— .{(2a:+l).sin.xa  +  (2a:^l),sin^4f+l),a}w5^. 
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CAIUS  COLJLEGP,  Dw^  W87, 

\,  f90viBi  tbat  the  sum  gf  any  ijunntUy  and  itn  re^iproefil  is  not 
less  ikm  2. 

3.  In  bow  many  years  will  the  interest  due  upon  £.100  be  equal 
to  tbe  pvinAipa],  allowing  eompound  iat«rtst^ 

4.  Prove  tbat  sin.(a  +  6)  .  sln.(fl  —  ft)  =s  sin.*a  —  Shi.^i. 

5.  Given  tbe  logaritbms  f!^  S  and  7 :  find  the  logarithm  of  3087* 

6.  The  sum  of  four  numbers  in  arithmetical  progression  is  14> 
and  the  sum  of  their  squares  is  54 :  what  are  the  numbers  ? 

7.  Solve  the  cubic  equation  o^'  +  ^jr*—  lOx  —  4  =  0. 

8.  Stun  to  infbiity  the  series  whose  general  term  is 

««  — 2       1 
«.(«+  1)  V 

9.  Th^  di«:uittfer^Qe  pf  a  drde  Is  9  mile  :  find  tb^  sid^  pf  {i 
square  whose  area  is  equal  to  that  of  the  cfarele. 

10.  If  any  straight  line  ASP  be  drawn  through  the  focus  S  of 
an  ellipse ;  prove  that  «->+ op  "  *  oowtwl:  qj^t^tit/t 

11.  If  CWf  AD  Msect  ^e  sides  of  the  tiiangle  ABC,  the  area 
AOC  wn  aiea  BEOD. 

12.  A  person  sells  a  quantity  of  sugar  at  two  guineas  per  cwt, 
malBBg  «  pvoit  of  5  ppr  wit.,  and  cktrt  fay  tiie  whgle  £.I00t  at 
what  frica  ought  he  to  have  sold  ii  per  cwt.>  to  have  deand  S,MO  ? 

IS.  The  area  of  a  regular  polygon  inscribed  in  a  drcle>  is  to  the 
area  of  a  sunilar  one  circumscribed  about  the  drde  as  2  to  5  :  find 
tiie  number  of  sUles  on  the  polygon. 

14.  If  a  section  of  a  conoid  be  made  by  a  pbne  passing  €hrou£^ 
one  of  its  foei>  that  focus  is  9\ao  one  of  the  foci  of  the  section. 
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CAIUS  COLLEGE,  Dbc.  1827. 

1.  Thb  interior  of  two  circles  which  touch  intemaUy  is  taken 
away,  and  the  remainder  vibrates  in  its  plane  round  an  axis  pasdng 
through  the  point  df  contact.  Required  the  time  of  a  small  vibnu 
tion* 

2.  Given  the  difference  of  the  lengths  of  the  longest  and  shortest 
days.     Required  the  latitude  of  the  place. 

3.  A  solid  is  generated  by  the  revolution  of  the  catenary  about 
a  tangent  at  the  vertex.     Required  the  content. 

4h  If  two  sides  of  a  spherical  triangle  ss  half  a  eirdej  the  arc 
drawn  from  the  vertex  bisecting  the  base  equals  a  quadrant 

5.  The  square  of  any  plane  s  sum  of  the  squares  of  its  pnjec- 
tions  on  the  co-ordinate  planes. 

6.  The  maximum  paracentric  velocity  in  an  ellipse,  center  of 

force  in  focus,  =  —7:; -»  -  being  the  area  described  in  1". 

a  Ql— c^)    z 

7.  Q  hanging  fireely  supports  P  on  the  parabola  APQ  whose 
axis  AB  is  horizontal,  by  means  of  a  string  passing  through  the  focus ; 
find  the  position  of  equilibrium. 

8.  An  ellipse  is  placed  with  its  axis  major  vertical:  find  the 
radius  vector  drawn  from  the  upper  focus  down  which  the  time  is  a 
TOiTiimnin  and  determine  the  limits  of  the  problem. 

9.  A  body  is  projected  perpendicularly  upwards  within  the  qihe- 
rical  surface  ADB  from  the  extremity  il  of  the  horizontal  diameter* 
Required  the  initial  velocity  that  the  body  may,  after  leaving  the 
surface,  pass  through  C. 

10.  A  body  falls  from  the  top  of  a  tower  whose  height  is  a. 
And  another  is  projected  upwards  with  a  velocity  a  at  the  same 
instant  from  the  base.    Where  will  they  meet  ? 

11.  The  centripetal  force  is  greater  or  less  than  the  centrifugid 
according  as  the  radius  vector  is  greater  or  less  than  half  the  latua 
rectum ;  the  centre  of  force  in  focus. 
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12.  Required  when  tbat  part  of  the  equation  of  time  arising  from 
the  obliquity  of  the  ecliptic  is  a  maximum,  supposing  the  sun  to 
move  uniformly. 

IS.  At  the  first  observation  NPD  =  76*,  Z  =  48'» .  Sff .  48^'. 
At  second  observation  Z  =  39^ .  58' .  48^^ ;  half  elapsed  time  in  de- 
grees ss  110. 15',  and  change  of  NPD  =  82^  Required  the  kti- 
tude. 

14.  A  solid  of  revolution  is  formed  by  the  catenary  about  its  axis, 
and  a  hemisphere  is  placed  on  it:  find  the  radius  of  the  hemisphere 
where  stable  equilibrium  ends  and  unstable  begins. 

15.  A  body  whose  elasticity  is  e  is  projectedfrom  a  perfectly  hard 
horizontal  plane  with  a  given  velocity  and  in  a  given  direction,  shew 
that  the  successive  ranges  are  in  geometric  progression— and  find 
the  point  where  the  body  b^ins  to  rolL 

16.  Two  beams  of  given  length  rest  with  one  extremity  against 
two  perfectly  smooth  vertical  planes ;  and  with  their  other  extre. 
mities  against  each  other  on  the  same  perfectly  smooth  horizontal 
plane:  find  the  position  of  equilibrium. 

CAIUS  COLLEGE,  Dbc.  1829. 

1.  A  Pebbom  invests  £.10,000  in  the  8  per  cents,  when  they  are 
at  75;  they  afterwards  rise  to  78,  when  he  sells  out  and  invests  the 
produce  in  the  4  per  cents  at  105;  what  is  the  annual  income 
derived  from  the  latter  stock  ? 

2.  17  cwt.  3  qrs.  22  lbs.  at  £4.  6s.  7id.  per  cwt. 

3.  The  sum  of  the  squares  of  the  diagonals  of  a  parallelogram  is 
equal  to  the  sum  of  the  squares  of  the  sides. 

4.  The  sum  of  two  quantities  is  s^j  the  sum  of  their  cubes  is  «,  ; 
find  the  sum  of  their  squares. 

5.  Solve  the  equations. 

(IS     ^+9+17x^5*.     •» 
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6.  Find  s/(,S5)  in  a  oontinuecl  fraction. 

7.  Sum  1« .  22  +  4« .  5«  +  7' .  8«  +  &c  to  »  terms. 

%*  Find  the  condition  nMenary  ibat  a  plane  may  pass  tlirough  a 
given  straight  line  and  be  perpendicular  to  another  straight  line  not 
in  the  same  |^ne  with  the  fcnrnier. 

9.     If  three  arcs  are  in  arithmetic  progression,  the  sum  of  the 
of  the  extiotes  is  kts  thafi  tifita  thtf  nUe  <if  the  mean  afe. 


to*  A,  B  are  two  fixed  points ;  if  two  straight  linei  ACt  BC  h& 
drawn  making  a  giren  angle  C  j  prove  that  the  stnd|^t  Utte  blseet^ 
ing  C  {Masei  through  a  fixed  point  and  deienniile  tha  pdint  gto- 
metrically. 

1 1.    The  stitti  of  nine  terms  of  the  series 

««  +  («  + l)«  +  (n  +  ft)<+  .*.*•. 
IS  equal  to  dOl ;  find  the  value  of  ft. 

li.    Find  Ux  from  the  equation 

Ug.  +  2  COS.*  .  W^«  1  +  Ux^i  SK  0, 

«i  being  =  co6.t  and  u^  ^  **  008.29 

is.  If  perpendiculars  be  raised  upon  the  middle  points  of  the 
sides  of  a  triangle  and  respectively  ^qual  to  half  those  sides  and  the 
extremities  of  the  perpendiculars  joined ;  the  sum  of  the  squares  of 
these  last  lines  is  equal  to  the  sum  of  the  squares  of  the  sides  of  the 
triangle  -f  six  times  its  area. 

1 4.  If  any  tangent  be  drawn  to  an  ellipse^  and  four  perpendiculars 
be  drawn  to  the  axis  major  from  the  centre  of  the  ellipse,  the  two  ex- 
tremities of  the  a5ds  major,  and  the  point  of  contact ;  thase  four  per- 
pendieulars  are  proportional* 

15.  If  Sx  represent  (v^  ^  fi*  i  prove  that 

CAIUS  COLLEGE,  Dbo.  Iteg. 

1.  A  GIVEN  cone  is  placed  with  the  circumference  of  its  base  on 
a  prop,  determine  the  force  which  must  act  vertically  at  the  vertex 
to  keep  it  at  rest  with  its  axii  in  a  givau  position. 
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2.  The  centre  of  gravity  of  a  Solid  of  rorohition  k  at  the  dutmce 
of  f -^  )    part  of  the  axis  from  the  vertex.    Required  its  form. 

3.  Divide  a  pyitemid  into  two  parts  by  a  plane  pftndlel  to  the 
base,  so  that  the  distance  of  the  centre  of  gravity  of  the  tippef  part 
from  the  vertet  may  be  equal  to  three  timM  that  of  thtf  Wer  from 
the  base. 

4  A  semlcycloid  has  its  vertex  ddwtiwards  and  bctsd  borixontal. 
Divide  it  into  three  parts  so  that  the  timet  of  desetat  of  a  hegvy 
body  through  them  may  be  in  the  proportion  of  1,  S  and  3. 

5.  A  bddyi  of  ^hMlidty  «,  is  pfOjeot«d  in  vacuo  from  the  hori. 
xontal  plane  in  a  given  direction  and  with  a  given  velocity,  find  the 
whole  area  contained  by  tho  path  deseribdd  and  the  horizontal  line 
before  the  body  rests ;  also  the  whole  time  of  motion. 

tJ    part  of  the  Earth's  radius 

above  its  surface,  and  another  at  the  same  distance  below  its  sur- 
face vibrate  in  the  same  time.    Compare  their  lengths. 

7*  A  heavy  body  descends  in  a  seraicydoid,  whose  vertex  Is  down* 
wards  and  base  horiiontal,  and  the  motion  commenoes  from  the 
highest  point ;  in  every  ordinate  MP,  MQ  is  taken  proportional  to 
the  pressure  at  P.    Required  the  locus  of  Q. 

8*  Required  the  distanoe  of  a  straight  line  firoffl  a  spberioi] 
fefleetoTi  that  the  image  may  be  an  ellipse  whoee  majoiwaxis  1$ 
equal  to  twice  its  minor  axis. 

9>  The  caustic  by  refraction  of  a  plane  surface,  for  rays  diverge 
ing  from  a  point,  is  the  evolute  of  an  hyperbola  or  ellipse  accord. 
ing  as  the  passage  is  into  a  denser  or  a  rarer  mediUmi 

10.  In  a  glflss  lens,  find  the  rektion  between  the  radii,  which 
with  A  gtveh  fbcal  length  and  liperture  will  make  the  iibertation  tbt 
parallel  rays  a  minimum. 

11.  When  the  top  of  the  mast  of  a  ship  has  just  come  above  the 
horuBon,  two  complete  images  of  the  ship,  vertical  to  it,  one  inverted 
and  the  other  erect,  have  beon  obsi^rted  in  the  ftii*  Iqr  tt  ^rsoti  on 
shore.    Catt  you  ttctioant  ft>r  this  phenomtittoh  I* 
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12.  «  s  (ton.-**)*,  find  ™ 

13.  Disw  all  ihe  asjrmptotes  to  ihe  earre  wboie  eq[iuitiaa  k 

14»    Tnarfonn  the  equation 
wlieie  »  as/Cn  2)  and  r  »  f  (« .  5)  into  one  whoe  «  s  1^  (x.  jr  •  z). 

^  ^  JflJlJLtJ.  -sO,  an  algebraical  result  is  requited. 
dx      X*  +  X  +  1 


dz   ,     dz       XV 


dz    .      dz 

dz    dz z 

dx    dy^  a 

16.  Investigato  the  di£ferential  ezpresmon  for  the  voluine  <^  any 
solid  referred  to  three  rectangular  co-ordinates^  and  apply  it  to  find 
the  volume  of  an  oUate  spheroid. 

17*    Let  AB  be  the  quadrant  of  a  circle  whose  radius  is  (I)  and 

centre  S,  and  let  any  radius  SQ,  be  produced  both  ways  to  P,P'  so 

that  CtP,  dF  be  each  equal  to  the  secant  of  AQ,  then  if  «,  «  be  the 

areas  described  by  SP,  SF  respectively,  and  0  be  the  LASQ,  passed 

over,  prove  that 

e— '-€-^— ') 

d  =s  tan.-» • 

2 

18.  A  curve  of  double  curvature  is  generated  by  a  point  moving 
uniformly  on  a  quadrant  from  the  pole  to  the  base,  whilst  the  quad- 
rant itself  moves  uniformly  through  90°.  Deduce  the  equations  to 
its  osculating  plane. 

19*  Divide  an  elliptic  quadrant  into  two  parts,  so  that  their  dif. 
ference  shall  be  equal  to  the  difference  between  the  semi-axes. 

20.    Intograto  the  equation  of  differences, 

K,+,  +  A{x  +  »)ii,+.  +  B{x  +  1)  (x  +  2)11,  =r  0. 
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CAIUS  COLLEGE,  May  18Sa 


1.  A  BBAX  fixed  at  one  extremity  to  a  lunge  leans  with  the 
other  against  the  shint  side  of  a  right-angled  wedge  placed  on  a 

^(i|.   jrmooth  horiaontal  taUe ;  what  force  most  be  applied  at  the  back  of 
the  wedge  to  keep  it  at  rest  ? 

2.  Find  the  centre  of  gvavity  of  an  arc  of  the  common  helix. 

i         3.    Prove  that  the  locus  of  the  centres  oi  gravity  of  all  cones 
which  have  a  common  base  is  similar  to  the  locus  of  their  vertices. 

4.  Two  strings  of  different,  but  unifbrm  dennties  and  acted  on 
by  gravity,  are  fixed  at  their  upper  extremities,  and  joined  at  the 
lower ;  prove  that  at  the  junction  the  curvature  of  the  two  catena* 
ries  are  as  the  densities. 


5.  A  series  of  perfectly  elastic  balls  are  such  that 

(m  +  1  )*  ball :  iii«» : :  (2in)«  +  1  :  (2i«)«  ".  1  ; 
given  the  velocity  of  the  first  ball,  find  the  velocity  communicated  to 
the  last  when  their  number  becomes  infinite. 

6.  The  sum  of  the  angular  velocities  of  a  projectile  round  the 
focus,  when  the  projectile  is  at  opposite  extremities  of  any  chord 
drawn  through  the  focus,  is  constant ;  required  proof. 

7.  Prove  that  the  image  of  the  curve,  of  which  the  equation  is 

«  —  r        V  2r 
formed  by  a  very  small  spherical  mirror  (rad.  r)  passing  through  the 
origin  at  right  angles  to  the  axis  of  x,  coincides  with  the  curve 
itself. 

8.  Find  the  rehttion  between  the  conjugate  foci  of  a  double  con* 
vex  lens,  the  upper  surface  of  which  is  in  air,  the  lower  immersed  in 
water. 

9.  Explain  fully  the  cause  of  the  two  coloured  and  one  uncdoured 
image  of  the  Sun  formed  by  a  prism.  In  what  position  of  the  prism 
will  the  fainter  spectrum  vanish  ? 

la    Find  the  n^  diffe^ntial  coefficient  of  ^ .  Iog.(«). 

tsuppt  p,  n,3  T 
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1 1.     Trace  the  curre  of  which  the  equation  is 

and  shew  that  th^' totlr^  Itfea  b -^ 

12*    Integnte —kgb(l  *-<**),  finwursO  to  x«l, 

-■ — -* 


dfl.9  +  008.1 

dx  ,  dy        ^  sf^dx 

18.  A  eone  having  its  vertex  without  the  surface  of  a  given 
qphere  and  its  axis  pasang  through  the  centre  of  the  latter^ 
intenects  the  sphere*  determine  the  content  of  the  solid  common  to 
hoth. 


14.  Find  the  orthogonal  trajectorj  to  a  series  of  ebdea  which 
have  a  common  chord. 

15.  Find  an  expression  for  the  curvature  at  anj  point  of  a  curve 
of  double  curvature  when  the  arc  is  the  independent  variable. 

16.  If  /  (*)i /*(*), /^(«)  &0.  be  any  function  of  «  and  iu 
successive  differential  ooelBdetitB,  then  shall . 

/(*)*/(*  +  h)  -/*  (X  +  2A).  J^  +/"  {X  +  Sk).  ^^ 


CAIUS  COLLEGE,  Juns  18S«. 

1.  Rrquirbd  the  value  of  7cwt.  Sqrs.  27lb8.  at  £S.  1 3s.  sy, 
per  cwt. 

2,  Solve  the  equations  >/5 .  x<  >-  6«  +  </3  as  Q^  and 
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3.  A,  B,  C  tmTol  fnxm  the  same  place  at  the  rate  of  4,  5,  and  6 
milea  an  hour  xespeotively :  B  starti  two  hours  after  A :  how  long 
after  S  muii  C  itart  that  the7  may  both  overtake  A  at  the  same 
time? 

4p.  When  are  the  minute  and  second  hands  of  a  watch  first  toge- 
ther after  12  o'clock  ? 

5.  Find  the  ftMtion  equivalent  to  the  ciroulating  decimal 
'dl 23456790,  and  reduce  it  to  its  lowest  terms. 

.  6.    Find  the  fourth  term  of  the  expansion  of  (oe  V?  ±  1/  V^)^  ^ 
three  places  of  decimals. 

?•    Extract  the  squaie  root  of  > -^  y  in  the  form  Of  a  binomial 

surd. 

8.  What  annuity  is  equivalent  to  a  sum  of  £200  paid  at  the  end 
of  every  two  years,  the  rate  of  interest  being  5  per  cent,  per  annum? 
Shew  from  general  reasoning  that  it  is  less  than  £lOO. 

9*  Find  the  equation  to  a  straight  line  of  which  the  distanee  from 
the  origin  is  a,  and  the  part  between  thd  axes  of  co-ordinates  6. 

10.  I»roTethatL:-*  +  |:|  +  |^+...toa:term.  =  i:i^^ 

Find  the  sum  of  x  terms  of  a  +  3a^  +  7a^  +  15a«  -f  •»« 
and  of  l«  +  8«  +7*   +  16«   +  ... 

1 1.  Prove  that  dxuSA  =  4 ffln.(60  —  A)  An. A  .  sin.(60  +  A). 

12.  The  angle  of  elevation  of  a  tower  situated  on  a  plane  inclined 
to  the  horiiPon  at  an  angle  0  iam,  and  at  a  station  distant  a  from  the 
former  the  elevation  is  P,  the  stations  being  on  the  inclined  plane ; 
find  the  height  of  the  tower. 

13.  The  sum  of  the  squares  of  the  distances  of  one  angular  point 
of  a  r^ular  polygon  of  n  sides  firom  all  the  others  ==  2nr^,  where  r 
is  the  radius  of  the  circumscribing  circle. 

14.  If  {xt  .y^),  {x^»tf^),  (^i'l/z)  be  the  co-ordinates  of  the  an« 
gular  points  of  a  triangle,  twice  its  area 

t2 
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15.  If  from  ftny  point  A  without  an  ellipfle  tangents  AB,  AC  be 
drawn  and  BC  joined;  then  if  any  line  be  drawn  from  A  cutting 
the  ellipse  in  D,  E,  the  tangents  from  £  and  D  will  meet  in  BC 
produced. 


CAIUS  COLLEGE,  Jckx  1852. 

1.  A  CBRTAIK  quantity  is  to  be  wdghed  out  by  a  false  balance : 
by  weighing  at  both  ends,  and  taking  half  the  weights  tot  the  re- 

quired  quantity,  ;-  of  an  ounce  is  gained  in  every  pound,  find  the 

error  in  the  place  of  the  fulcrum. 

2.  A  weight  Q  is  supported  on  a  hexagonal  axle  and  wheel,  of 
which  the  radius  has  to  the  radius  of  the  circumscribing  cylinder  of 
the  axle,  the  ratio  >y3  :  1.  The  difference  between  the  greatest  and 
least  forces  required  to  maintain  the  equilibrium 

=  -(sec.g^l), 

3,  The  effect  of  lengthening  the  arm  of  a  balance,  will  be  ooun« 
teracted  by  allowing  the  weight  suspended  from  that  arm  to  rest  upon 
a  catenary  whose  axis  is  in  the  same  straight  line  with  the  beam,  and 
which  has  a  tension  at  its  vertex,  equal  to  a  weight  of  chain  of  hidf 
the  length  of  the  beam. 

3 

4,  A  given  isosceles  triangle  whose  altitude  is  -  rad.  of  a  circle 

stands  upon  the  interior  of  the  circumference,  find  the  arc  through 
which  it  can  be  moved  without  being  overturned,  and  the  pressures 
on  the  circumference  in  the  extreme  position  of  equilibrium. 


5.    A  cone  of  which  the  density  varies  as  the  distance  from  its 
srtex  will  balance  on  the  centre  of 
wdght  be  suspended  at  the  vertex. 


vertex  will  balance  on  the  centre  of  its  axis,  if  a  wdj^t  as  -  itsowq 
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6.  A  bomb  vessel  issailing  in  a  given  ditection ;  a  shell  discharged 
with  known  velocity  from  a  mortar  of  a  certain  elevation,  is  observed 
to  strike  a  fort  at  the  instant  the  ship  is  opposite  to  it :  find  the 
unifonn  rate  of  the  vessel 

7*  In  making  experiments  upon  the  weights  of  bodies  at  different 
altitudes,  the  difference  of  height  is  found  to  vary  nearly  as  the  dif* 
ference  in  the  weight. 

8.  A  baU  o£  given  elasticity  is  struck  (Urectly  from  the  middle  to 
the  side  of  a  billiard  table ;  find  the  velocity  which  is  communicated 
to  it,  that  after  the  tlurd  impact,  it  may  just  reach  the  opposite  side ; 
considering  friction  as  a  uniform  force. 

9.  The  locus  of  the  point  to  which  the  descents  from  two  given 
pomts  in  a  vertical  line  are  tsochronous,^  the  rectangular  h3rperbola. 

10.  An  object  is  phced  between  two  plane  mirrors  inclined  at  a 
given  angle :  when  the  minors  are  moved  about  their  line  of  inter« 
section  so  as  to  preserve  their  inclination,  the  axes  of  the  pencil  after 
the  second  reflexion  make  an  ang^e  equal  to  that  which  they  made 
after  the  first  reflexion. 

11.  A  circular  arc  of  given  length  is  immersed  with  its  plane 
vertical,  so  that  the  surface  of  the  water  bisects  its  chord  at  an  angle 
of  45^;  find  the  form  of  the  images  of  the  parts  of  the  arc  and  chord 
immersed* 

12.  A  drcular  arc  is  placed  before  a  gbss  sphere  at  a  distance  ti 
times  the  fi)cal  length  of  the  sphere  from  its  centre,  n  being  a  large 
number,  the  axes  of  the  image  are  as 

1 

2fi 

13.  An  object  placed  within  a  spherical  drop  of  water  appeani 
3i  times  greater  in  diameter,  than  when  it  is  at  the  principal  focus  of 
the  spher?. 

14.  Find  the  locus  of  the  intersection  of  the  incident  and  con« 
vergent  ray  of  a  pencil  passbg  through  asphere^  as  the  pencil  is  con. 
tinually  diminished. 
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15.  Determine  the  form  of  the  caustic  giren  hj  the  equatioD 

16.  Find  Uie  greatest  distance  between  two  lights  placed  in  a 
straight  line  pandlei  to  tfae  axis  of  jf^  that  they  may  just  flluminate 
the  whole  curve  whose  equation  is 

^       4r— 2a.  .     , 

and  find  the  minimum  ordinate  of  the  curve. 

17*  Determine  the  q«oe  left  undceupied  between  an  eg|{>  and  a 
hemispheroidal  egg  cup  in  whidi  it  stands ;  the  egg  bciog  also  iphe- 
i:oidal  and  having  an  axis^minor  equal  to  that  of  the  cup. 


CAIUS  COLLEGE,  Junb  1832. 

1.  Thj«  specific  gravity  of  alcohol  is  0-796^  that  of  water  being 
unity ;  find  the  specific  gravity  of  a  mixture,  of  two  parts  of  the 
former  with  one  of  the  latter,  supposing  no  condensation  to  take 
place. 

2.  A  hemisphere  is  filled  with  fluid  and  inclined  at  a  given  an^ 
to  the  horizon ;  find  how  much  of  the  fluid  will  flow  out,  and  die 
pressure  exerted  by  the  remainder  on  the  surface. 

S.  The  times  of  oscillation  of  a  pendulum  axe  obseryed  at  the 
Earth's  surface  and  at  a  given  depth  below  the  suziace ;  find  fnn 
these  data  the  radius  of  the  Earthy  supposed  spherical. 

4.  A  liquid  is  contained  in  a  graduated  tube ;  n  ss  the  number  of 
divisions  at  which  the  liquid  stands  when  the  liquid  and  tube  are  at 
a  given  temperature ;  vl  the  number  when  the  temperature  is  in* 
creased  by  i  degrees ;  shew  that  the  dilatation  of  the  liquid 

»'  — n  ,   n'orf 
=  — 1 — r-T"' 


where  « is  the  cubical  expansion  of  the  material  of  the  vessel  fer  one 
degree  of  temperature* 
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5.  Suppodng  the  force  which  acts  on  the  crank  of  a  steam^ngtne 
to  he  vertical,  and  to  vary  as  the  sine  of  the  angle  which  the  crank 
makes  with  the  vertical^  and  the  resistance  to  he  uniform;  shew 
that  the  velocity  at  the  end  of  a  revolution  will  not  be  altered, 
if  the  moment  of  the  resistance  ss  ^  the  greatest  moment  of  the 
force. 

6.  If  Z  be  the  zenith,  P  the  pole,  S  the  Sun  at  the  beginning  of 
shortest  twilight^  T  the  point  at  which  the  vertical  circle  ZS  cuts  the 
horizon;  prove  that  PS  +  PT^  180*. 

7*  A  pendulum  oscillates  in  a  cycloid  on  an  inclined  plane,  and  the 
friction  on  the  plane  as  n  times  the  pressure;  shew  that  the  friction 
will  not  affect  the  time  of  oscillation,  and  that  the  pendulum  will  stop 

after  it  has  oscillated  a  number  of  times  sK^-r-; ^*  where  a  is 

%  In  cotM 

the  original  distance  ftmn  Ae  lowest  point 

8.  A  cube  filled  with  fluid  revolves,  with  a  given  angular  velo- 
city, about  a  diagonal  which  is  vertical ;  find  the  pressure  on  one  of 
the  fikoes  which  form  the  upper  angle. 

9.  A  rod  falls  by  gravity  in  a  vertical  plane,  one  extremity  sliding 
on  a  curve^  which  is  perpendicular  to  the  horizon  at  the  point  in 
which  it  meets  the  horizon,  and  the  other  sliding  along  the  horizontal 
]plane ;  shew  that  the  angular  velocity  of  the  rod,  when  it  becomes 
horizontal,  is  independent  of  the  curve  on  which  one  end  of  it  has 
moved. 

10.  Two  bodies,  which  are  constrained  to  move  in  the  circum- 
ferences of  concentric  circles,  attract  each  other  with  forces  varying 

as  .,.    .- ;  shew  that  the  lengths  of  the  arcs  described  are  inversely 
(dist)* 

as  the  bodies,  and  find  the  time  of  thek  small  oscillations* 

Ih"  The  Sun's  right  ascension  at  €^, 

,  .        June  drd,  188S,  tit  Hme,  is  «••  4^  •  45» .  88*0^« 
4tn  ••••••^r**v*««««*« •«•••«  4  •  49  «  89*^ ' 

6th 4  .57    ^53-5. 

Fbd  the  Sun's  right  ascension  on  the  5th  of  June^  1832,  at  3^  appa« 
rent  timet 


Digitized  by  VjOOQIC 


K 


380  BJtAMINATldN  I^AMRS  [CaMM,  ISSt. 

12.  A  hoop  ToUs  down  an  mclined  plane ;  compare  iheft^odtj 
with  which  it  leaves  the  plane^  with  that  with  which  it  h^ns  tovoU 
along  the  horizontal  plane  at  the  foot  of  the  indined  plane. 

J8«  Two  cylindrical  weights  are  in  equilibrium  over  a  pally 
when  a  portion  of  one  of  them  is  immersed  in  a  vessel  of  fluid;  if 
the  surface  of  the  fluid  sink  uniformly,  shew  that  the  woghts  will 
have  an  oscillatory  motion  relatively  to  the  surface  of  the  fluid ;  and 
find  its  period. 

14.    The  time  Qf  describing  an  elliptic  arc 

s=  fl»  •  (a*  •—  «  -•  shwj^  +  msui), 
where 

r  and  r^  being  die  radii  vectores  drawn  to  the  beginning  and  end  of 
the  arc>  and  c  the  chord  of  the  arc. 

15*  Employ  the  principle  of  least  action,  to  determine  the  curve 
described  by  a  particle  acted  on  by  a  force  tending  to  a  centre  and 

l6.  The  equation  which  determines  the  perturbation  in  the  radius 
vector  of  one  planet  by  the  disturbing  force  of  another  planet,  de« 
prived  of  terms  depending  on  e,  is 

-^^  +  n«.f»r  +  X.    Pcos.(piii-^7+Q)«0, 

where  n  is  the  mean  motion  of  the  disturbed,  n'  that  of  the  disturUng 
planet    Integrate  this  equation ;  and  shew 

(l).  That  the  eccentricity  and  place  of  the  perihelion  are 
altered  by  constant  quantities. 

(2.)  That  a  force  which  goes  through  sU  its  periodic* values 
nearly  in  the  periodic  time  of  the  planet^  will  produce  in  the 
radius  rector  a  considerable  inequality. 
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QUEEN'S  COLLEGE,  1825. 

1.  If  n  be  any  number  wbereof  the  alternate  digiU  beginning 
with  the  units  are  cyphers^  and  if  the  aum  ci  the  digits  be  divisible  by 
r  +  1,  then  the  number  itself  is  divisible  by  r  +  1 ;  r  being  in  the 
base  of  the  system. 

2.  The  roots  of  the  equadon  jp'  —  px<  —  px  +  1  s  0^  are  «,  A 
and  y ;  find  an  expression  for  ««*  4-  9"  -f  /*• 

5.    Sum  the  following  series: 

l+S+6+10  +  15  +  &cton  terms. 

1  .         «  .         ^         .         10 

i-o   <^  ^  K  +  o  ^  ^  a  +  :L   ^  A  ^  +  &ctonterms. 


1.2.3.4^2.3.4.5  ^3.4.5.6^4.5.6.7 
X. co8.t  +  A*.C06.29  +  3e^.co$.3B,  &c  to  It  terms  and  to  infinity. 

4.  A  given  paraboloid  standing  with  its  basedownwards  on  ahori« 
sontal  plane  is  elevated,  so  that  its  base  makes  with  the  hoastai  a 
given  angle ;  find  the  position  of  a  given  prop  which  shall  support  it 
at  that  angle,  when  the  pressure  on  it  is  a  minimum,  finction  being 
supposed  sufficient  to  prevent  the  paraboloid  from  sliding. 

5.  Find  the  centre  of  gravity  of  the  solid  generated  by  the  revo« 
latum  of  the  dssoid  round  its  aids. 

6.  State  the  principle  of  virtual  velocities^  and  apply  it  to  find  the 
position  of  two  g^ven  weights  connected  by  an  ioextensible  line,  and 
placed  in  a  hemiflphere, 

7.  Find  the  inclination  of  a  plane,  when  the  time  down  its 
length  is  equal  to  the  time  down  the  length  of  another  inclined  plane 
of  the  same  basey  and  having  its  altitude  (m)  times  the  altitude  of  the 
former. 

8.  Find  in  what  direction  a  ball  of  given  elasticity  must  be  pro* 
jected  fiom  a  given  point  in  a  given  circle,  so  that  after  (n)  re. 
flections  at  the  dicumference  it  may  hit  a  given  point  within  the 
circle. 
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9.  A  straight  line  of  uniform  density  and  thickness,  oscillates 
ahout  a  given  point  in  the  same  plane ;  find  the  pressure  on  the  aius 
in  any  position,  and  approximate  to  the  time  of  an  oscillation. 

10.  A  given  cylindrical  vessel  contains  equal  bulks  of  three  fluids 
of  known  specific  gravity,  wliich  will  not  mix :  divide  it  into  three 
parts^  such  that  the  pressure  on  each  is  the  same. 

11.  Find  the  centre  of  pressure  of  a  semicircnlar  area  cut  in  the 
vertical  side  of  a  vessel  having  its  diameter  inclined  at  a  given  angle 
to  the  horizon. 

12.  The  force  of  gravity  varying  inversely  as  the  «***  power  of 
the  distance  from  the  centre  of  the  E.arth,  find  the  density  of  the  air 
at  any  altitude,  and  shew  the  method  of  determining  the  altitudes 
of  mountains  by  means  of  the  barometer,  on  the  supposition  that 
the  force  of  gravity  is  constant :  shew  also  how  the  result  will  be 
a&cted  by  the  di£brenee  of  temponture,  at  the  top  amd  boUoai  of 
the  mountain. 

13.  Find  the  time  of  emptying  a  semi-paraboloid  through  a  small 
fvifice  in  its  vertex ;  the  axis  of  the  paraboloid  being  horinmtal. 

-  14.     Find  the  time  of  an  oscillation  in  the  arc  of  a  pydoid ;  the 
resistance  being  supposed  to  vary  as  the  velocity. 

15.  State  the  nature  of  the  experiments  by  which  it  is  proved  that 
}ight  is  material 

16.  Having  given  the  position  of  three  given  straight  lines  in 
spevce,  each  at  right  angles  to  the  horiion;  find  where  a  spec^tor 
must  be  situated  so  that  they  shall  appear  of  the  same  length. 

17.  A  parabola  is  immersed  vertically  in  a  fluid,  so  that  its 
base  coincides  with  the  surface  ;  find  the  equation  to  the  image  of 
the  curve. 

18.  Having  given  the  altitudes  of  the  Sun^  and  of  the  red  ring 
in  the  secondary  rainbow,  it  is  required  to  determine  the  sines  of  in- 
cidence and  refraction. 

19<  In  the  doubb  concave  lens  compare  the  yelociUes  of  the  fod 
of  incidence  and  emergence.  .-     .j 
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so.  Shew  thai  there  are  an  infinite  number  of  reflecting  curves, 
which  will  produce  the  same  caustic^  the  radiating  point  being 
giten. 

21.  Explain  the  construction  and  use  of  the  equatoreal  instru- 
nenU 

22.  State  briefly  your  reasons  for  supposing  the  Earth  to  be  en* 
dowed  with  a  motion  of  rotation  round  its  axis  and  a  motion  of  trans« 
lation  round  the  Sun. 

ft$.  A  known  star  is  observed  to  have  the  same  altitude  as  an 
unknown  star :  having  ^ven  the  time  of  the  passage  of  each  over 
the  meridian  and  their  common  altitude  at  the  time  of  the  first  ob^ 
servation^  find  the  latitude  of  the  place. 

24.  Explab  fully  the  efiect  of  the  Sun  on  the  lengths  of  the 
lunar  months. 

25.  Explain  the  nature  of  centrifugal  force^  and  find  the  time  of 
desczibing  any  portion  of  the  curve  in  which  the  centripetal  and  cen« 
trifugal  forces  are  equal  to  each  other. 

26.  Find  the  nature  of  the  curve  which  by  its  revolution  round 
its  axis  will  generate  a  surface  in  which^  if  the  force  of  gravity  act 
parallel  to  the  axis^  the  period  of  a  revolution  in  every  section  per- 
pendicuhr  to  the  axis  is  the  same. 


QUEEN'S  COLLEGE,  May  1831. 

1.  A  TBA-DfiALBft  mixes  together  4lbs.  of  tea  at  bs.  Id,  7lbs.  at 
6s.,  and  plbs.  at  6s.  6d, :  at  what  rate  per  lb.  must  he  sell  the  mixture 
to  gain  5  per  cent,  by  the  transaction  ? 

2.  Solve  the  following  equations } 

^''       ^/(i«  +  i)  *^-        ^^^'x**  4x^+1*4/ 

(«)  x  +  g  +  zu,o,  (a  +  A)»+  (o  +  c)y  +  (6  +  c)3*s0. 
•       ,    .      ai»  4>  M^  ■f'  tea  as  1» 


Digitized  byCjOOQlC 


284  KZAHiNATfoM  PAPBE8  '    [Q^emU 

3.  If  a  strai^t  line  intenect  the  two  sides  AC^  BC  ci  a  plane 
triangle  in  thepomts  b,  a,  and  the  hase  AB  produced  in  c ;  prove  that 
the  continued  products  of  their  alternate  segments  thus  formed  are 
equal;  namely,  ii6  X  Be  X  Ca  =  ilc  X  JBa  X  Cb. 

4.  If  any  two  angles  of  a  triangle  be  Insected  by  straight  line^ 
prove  that  the  distance  of  the  point  of  their  intersection  from  the 

angle  A  =  — i—r".—  5  «^  *>  ^  ^ing  the  sides, 
a  +  o  T-c 

5.  Find  the  polar  equation  of  the  circle  referred  to  a  given  point 
either  within  or  without  the  drcumference :  and  Uieoce  shew  that 
the  rectangle  oontamed  by  the  s^;ments  of  any  chord  passmg  through 
a  fixed  point  is  invariable. 

6*  A  freehold  estate  is  left  equally  among  three  persons  A,  B  and 
C;  what  numbers  of  years  must  A  and  B  successively  enjoy  it,  that 
the  unencumbered  reversion  may  belong  to  C  ? 

?•  A  beam  of  uniform  density  and  thickness  fastened  at  one  end 
by  a  peg  rests  upon  a  wall :  it  is  required  to  find  its  inclination  to  the 
horixon  when  the  stress  upon  the  peg  is  m  times  as  great  as  the  fte^ 
sure  upon  ihe  wall 

8.  If  a  and  b  represent  the  velocities  of  a  body  when  estimated 
in  directions  inclined  to  each  other  at  an  angle  »,  prove  that  its 
velocity  estimated  in  a  direction  equally  inclined  to  them  both  is 

2008.j«* 

9*  If  the  base  and  vertical  angle  of  a  plane  triangle  be  given, 
prove  that  the  locus  of  the  centres  of  the  inscribed  circles  is  a  circle, 
and  find  its  position  and  magnitude. 

10.  Required  the  number  of  balls  in  n  courses  of  a  rectangular 
pile,  the  length  and  breadth  of  jthe  lowest  course  comprising  p  and  q 
baUs  respectively. 

11.  If  X,  F  and  2  represent  the  forces  acting  in  the  directions  of 
the  couirdinate  axes  of  x,  ^f  and  z  respectively,  prove  that  in  the  case 
of  equilibrium  upon  a  curved  sutface  Xdx  +  Ydy  +  Zdz  as  0. 
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12.  The  vertex  of  a  given  cone  u  attached  to  the  lowest  point  of 
a  hemispherical  howl :  find  the  stress  upon  the  point  of  connection 
when  the  howl  is  filled  with  flaid  and  the  axis  of  the  cone  is  in  a 
vertical  position :  find  also  the  quantity  of  fluid  in  the  bowl  when  no 
stress  is  exerted  there. 

1 3.  If  any  number  of  straight  lines  he  placed  perpendicular  to  the 
axis  of  a  spherical  reflector^  it  is  required  to  shew  that  the  image  of 
each  wiU  pass  through  the  same  two  given  points. 

14.  The  centre  of  force  being  situated  in  the  centre  of  an  equi* 
lateral  hyperbola^  prove  that  the  locus  of  the  points  to  which  a  body 
must  move  from  the  curve  in  the  direction  ci  the  force  to  acquire 
the  velocity  in  the  curve  is  also  an  equilateral  hyperbola^  and  find  its 
axes. 

15.  If  a  and  6  be  the  perpendicuhr  altitude  and  shmt  side  of  an 
upright  cone,  it  is  required  to  shew  that  the  mean  distance  of  the 

(a*  •\-  ab  •\-  b^\ 
T"T — )• 

16.  If  a  be  any  prime  number  whatever,  then  will  die  number  of 
integers  less  than  a<  and  prime  to  it  be  expressed  by  a{a  ->  1)>  unity 
being  considered  one  of  them :  required  a  proof. 

17*  In  a  spherical  triangle  whose  sides  and  angles  sxea,b,c  and 
J,  Bj  C  respectively,  if 


.,  ^      co6.4(a  —  b) 
*         co8.^(a  +  6) 


it  is  required  toshew  that  C^A-\-B;  and  from  the  same  expres- 
sion to  prove  that  if  the  radius  of  the  sphere  be  indefinitely  increased, 
the  triangle  will  become  rightjmgled  at  C. 

18.  Trace  the  curve  whose  equation  iB{jfi  +  y^^^a^sfi  +  6«^« : 
find  its  points  of  inflexion  and  the  value  of  its  greatest  ordinate. 

19.  A  oorpusde  is  placed  in  the  axis  produced  of  a  given  para- 
boloid of  revolution :  find  the  section  perpendicular  to  the  axis  which 
attracts  it  with  the  greatest  force,  when  the  attraction  of  each  particle 
yiliieQ  inversely  as  the  square  of  the  distance, 
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dO<  Find  the  latitude  of  the  fdace  wliere  the  duntkm  of  Ae 
twilight  if  the  ahortest  pontUe  for  a  given  day. 

^1.    Integrate  the  fdllowing  differentials  : 

and  solve  the  following  differential  equations  \ 
(1).  fl^x  =  {or -y  (a«  d- jf«)}  £?y. 
(2).  3y(ir«  —  Zxiicdy  +  4y*<^  =0. 

(8)-5ar  +  y  +  ^  =  c',   %-x  +  ^  =  c«. 

2d.  A  perfectly  sniooth  slender  rod  of  ^ven  length  is  petpendi- 
cular  to  the  Earth's  surface  in  a  given  latitude,  and  a  ring  of  heavy 
metal  descends  down  it  by  the  force  of  gravity :  required  the  velocity 
acquired  at  the  surface  and  the  time  of  arriving  there,  the  Earth 
being  supposed  spheroidal,  and  to  revolve  about  its  axis  in  24  hours. 

23.  The  Sun  and  Moon  being  situated  in  the  plane  of  the  Earth's 
equator,  shew  that  the  greatest  angular  separation  of  high  water  from 

the  Moon's  place  «8  \  Axar^  -r^  and  the  ooneiponding  magnitude  of 

the  tide  =  V(-»i«  -  S^Y 

24.  Given  the  length  of  the  axis  and  the  magnitude  of  the  area 
of  the  generating  curve,  to  find  the  form  of  the  vessel  of  revolution 
which  shall  be  emptied  through  a  small  orifice  at  the  vertex  in  the 
least  possible  time. 


QUEEN'S  COLLEGE,  May  1832. 

.  1,    Fmn  the  time  between  twelve  and  one  o'cloek  at  which '  die 
hour  and  tuinute  hands  of  a  watoh  point  exactly  In  opposite  dU 

rections. 

2.  In  an  obtuse-angled  triangle,  if  perpendiculars  be  drawn  fkom 
the  angles  to  the  opposite  sides,  produced  if  necessary,  diey  will  ail 
pass  through  the  same  point :  required  a  proof* 
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3.  Solve  the  fonowing  equations : 

(1).  ^(4  +  «)  +  ^/(l  +  «)  J^  «^/(3  +  «)  : 

(2).  *♦  — 2a?»+«^— 1  ts:0: 

(3).  a:  -f-  ^  +  2  =  6,  A^  -f  ara;  -f  .y«  *i  12  and  *y*  =  8. 

4.  Detennine  the  length  of  a  string  which  shall  pass  round  two 
wheels  of  given  radii  situated  in  -the  same  plane,  and  having  their 
centres  at  a  given  distance  from  each  Qther, 

5.  If  the  sides  and  angles  of  a  plane  triangle  he  denoted  by 
Hy  fi,  Oi  A,  B,  C  respMtively  t  then;  will  its  am  he  expressed  hy 

required  a  proof. 


Um.HA  +  B  —  C) 

6«  In  the  equilibrium  upon  a  curvei  it  is  required  to  proVe  that 
Xdx  -f*  Ydjf  a  0 :  and  by  means  of  this  equation  to  compare  P  and 
IV  when  they  sustain  each  other  upon  an  inclined  plane. 

7.  Draw  a  rectilineal  asymptote  to  the  conchoid  of  Nieomedes; 
and  if  any  two  radii  vectores  drawn  from  the  pole  C  at  right  angles 

to  each  other  meet  it  in  Q  and  R,  prove  that  -rrrrz  +  rrr;^  is  of  in« 

variable  magnitude. 

8.  If  from  any  point  K  in  the  focal  tangent  to  an  elUpse  Wfabse 
focus  is  S,  a  straight  line  be  drawti  perpendicular  to  the  axis  major 
at  M,  and  cut  the  curve  fat  P  and  Q,  then  vnUKP.KQ^s SiP : 
required  a  proof. 

$.     If  Ay  B,  Che  three  perfectly  elastic  balls  having  the  velok^ities 
a,  h,  c,  and  A  impinge  upon  B,  and  B  upon  C,  sd  that  their  velocities 
aflter  impact  are  p,  g^  r  respectively :  it  is  required  to  shew  that 
Aa^  +  Bh^  4-  Cc^^Ap^  +  Btf^  +  Ct^. 

10.  If  S  and  s  be  the  sums  due  at  the  ends  of  the  times  7  and  I 
respectively,  and  r  be  the  rate  of  simple  interest  t  prove  that  the^eor« 

rect   equated   time  6f  payment   is   -7--- — ^f- =7-  :   and 

shew  whether  it  is  greater  t)r  less  Ihan  that  determined  by  the 
ordinary  rulq. 
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IL  If  the  incUnafcioii  of  a  plaiie  be  o  and  •„  IL  be  the  angles  of 
elevation  of  two  bodies  projected  witb  the  same  Yelocitj  finm  agmn 
point  In  it :  it  is  requiied  to  pftve  that  thej  wiU  always  strike  it  in 
the  same  point  when  Og  +  '•  =  9  +  <V- 

12.    A,  B,  C,  a,  b,  c  are  thean^^  and  sides  of  a  ipherical  tiiaa. 

gle,  and  tan-^jCas  y*^^^""^^;   it  is  xequiied   to  prove  tliat 

flssA'^  Bf  and  to  shew  how  it  may  be  adapted  to  a  plane  tii* 
aii(^ 

IS.  Compaie  the  resistance  upon  a  hemi^heraid  moving  in  a 
fluid  in  the  direction  of  its  axis  with  that  upon  its  dicnmacribed 
cylinder. 

14.  Find  where  a  straight  line  must  be  placed  perpendicular  to 
the  axis  of  a  sphericiil  reflector,  that  its  image  may  bean  el%se  of 
given  eccentricity :  and  find  the  corresponding  axes  and  latus  reetma 
of  the  image* 

15.  Determine  that  point  in  the  periphery  of  an  ellipse,  having 
the  force  in  its  focus,  at  which  the  paracentric  velocity  is  m  times  as 
great  as  the  transverse :  and  prove  that  no  such  point  can  be  found  if 

m  be  greater  than  -yr- —»  where  e  is  the  eccentricity, 

l&    Find  the  conic  section  to  which  the  equation 

behmgs:  determine  also  the  positions  of  its  focus  and  vertex,  and  the 
magnitude  of  its  latus  rectum. 

17.  Trace  the  curve  whose  equation  is  y(x<  —  c«)  «s  «.(x«  +  o*), 
and  determine  the  natures  and  positions  of  all  its  singular  points. 

18.  Define  the  centre  of  percussion:  investigate  a  formula  for 
determining  its  position,  and  apply  it  to  the  case  of  a  straight  rod  of 
uniform  density  and  thickness  suspended  by  a  given  point. 

19-  Eliminate  by  differentiation  the  exponential  and  trigonome* 
trical  functions  ficom  the  equation  ^sse>^  sec^:   and  transform  the 

equation  y^^  +  ^  (^)   -y  =  0,  so  that  y  shall  be  the  ind^ 

pmlent  yapaUet 
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20.  In  the  equation  af^  —  B"»-4ac«  +  A*  =  0,  it  is  requirej^to 
prove  that  there  are  either  one  or  three  possible  roots  when  m  is  o<ld, 
and  either  four  possible  roots  or  none  when  it  is  even. 

21.  In  the  calculus  of  finite  differences,  if  Vx  =  Napierian  log.jr, 

then  will  Ail's -H &c.:  andif  «*==  1.2.3. &c.x.fl', 

then  will  Ux^  j  —  a{x  +  ])ux  s  0 :  required  a  proof. 

22.  Int^;rate  the  following  differentials : 
(j?^  -f  fl^^  4-  b)hx . 


0). 


.i 


(2),    (•b.~i«)»cfa; 
(3).   ^-j-jgtan.-ijrrfx; 

and  find  the  telations  between  the  variables  in  the  differential  equa« 
tions :  ^ 

(1).    t^^  +  xf,^£^ax^; 

(.>(.-.,g=(.-.i)i. 

23.  Find  the  time  when  a  comet  appears  stationary  in  its  para- 
bolic path,  the  orbit  of  the  earth  being  supposed  to  be  a  circle  in.  the 
same  plane. 

24.  Determine  the  velocity  which  will  be  acquired  by  a  globe 
of  given  dimensions  rolling  down  the  arc  of  a  cycloid,  placed^.with 
its  vertex  downwards  and  its  axis  vertical 


SIDNEY  SUSSEX  COLLEGE,  May  1829. 

1.  Extract,  the  square  and  cube  roots  of  64''0070202  &c. 

2.  Find  the  time  between  2  and  3  o'clock,  when  the  hour  and 
minute-hands  of  a  clock  make  equal  angles  above  and  below  the  line, 
joining  the  centre  of  the  face  and  the  3  o'clock  mark. 

t&JPP.  P.  II,]  W 
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80    Solve  the  following  equations : 

a? :  «  ::  a:— ^  :y- 

a;«  —  fl«  CO? 


1 


(2). 


ca:  X*  —  a* 


4.  Let  iV  be  any  point  in  the  diameter  of  a  cirde^  whose  centre 
is  S,  PNQ  a  chord  drawn  through  N,  and  join  SP :  shew  geome- 
trically and  analytically  that  PQ  is  a  minimum,  and  the  angle  SPQ 
a  maximum,  when  PQ  is  perpendicular  to  the  diameter. 

5.  In  a  given  semi-circle  let  a  second  semi-circle  be  inscribed,  in 
the  second  a  third,  and  so  on  for  ever :  find  the  point,  to  which  the 
centre  of  the  inscribed  figure  is  continually  approaching  as  its  limit. 

6.  Compound  interest  being  allowed  at  a  given  rate,  find  the 
present  value  of  £A,  £2A,  £3A,  t«.  £nA,  due  at  the  end  of 
1,  2,  3  •••  n  years  respectively  from  the  present  time ;  and  find  the 
value  when  it  is  infinite. 

7.  On  the  minor  axis  of  a  given  ellipse,  considered  as  a  new 
major  axis,  describe  an  ellipse  similar  to  the  given  one,  and  on  its 
minor  axis  describe  another  similar  ellipse,  and  so  on  for  ever :  find 
the  area  of  the  n^  ellipse,  and  the  sum  of  all  the  areas  to  infinity. 

8.  Let  a  hemispherical  basin  of  small,  but  uniform  thickness, 
stand  on  its  vertex  on  a  horizontal  plane :  if  it  be  loaded  at  a  point 
in  the  edge  with  a  given  weight,  find  the  position  in  which  it  will 
zest. 

9.  Find  the  centre  of  gravity  of  the  solid  formed  by  the  revolu- 
tion of  a  given  sector  of  a  circle  about  a  radius,  which  bisects  its 
vertical  angle:  and  find  the  limits  to  the  place  of  the  centra  of 
gravity,  when  the  angle  of  the  sector  is  indefinitely  diminished^  or 
increased  to  180^. 

10.  Let  a  cycloid  be  just  immersed  perpendicularly  in  a  fluid, 
so  that  its  surface  may  be  a  tangent  at  the  vertex:  compare  the 
pressures  on  the  circumscribing  rectangle,  the  cycloid,  the  isosceles 
triangle  formed  by  drawing  the  semi-cydoida}  chords,  and  the  gene- 
rating  circle* 
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11.  Find  the  curve  on  the  horizontal  plane,  to  which  a  vertical 
plane  reflector  must  he  a  constant  tangent,  so  as  to  make  the  image 
of  a  fixed  point  in  that  plane  move  in  a  given  straight  line  in  the 
same  plane. 

12.  Let  Ad  he  any  arc  of  a  parahola,  whose  vertex  is  J,  AD  a 
tangent  at  the  vertex,  and  Q,D  perpendicular  to  it ;  also  let  an  inde. 
finite  line  revolve  ahout  the  point  A,  in  which  let  AP  he  always 
equal  to  ilD,  and  the  area  traced  out  hy  AP  he  always  equal  to  the 
area  AQB :  the  locus  of  the  point  P  is  a  spiral  of  Archimedes. 

13.  Find  the  velocity  with  which  a  hody  must  he  projected  per«* 
pendicularly  from  the  Earth's  surSaoe,  so  that  it  may  fall  again  on 
the  same  point  after  the  Earth  has  made  one  revolution  on  its  axis ; 
and  find  the  height  to  which  it  will  rise. 


SIDNEY  SUSSEX  COLLEGE,  May  1830. 

1.  If  a  solid  angle  he  contained  hy  any  numher  of  plane  angles, 
their  sum  is  less  than  four  right  angles. 

2.  If  P  be  the  product,  S  the  sum,  and  s  the  sum  of  the  reci- 
procals of  n  quantities  in  geometrical  prc^ression ;  prove  that 


f  S,    Solve  the  following  equation : 

»  1  +  10a?       1  —  4j«: 


r2-4 


1  —  lOar       1  +  4a: 

4*  Let  an  elastic  hall  be  projected  up  a  given  inclined  plane  with 
such  a  velocity  as  would  just  carry  it  to  the  top :  at  what  point  of  its 
ascent  must  it  meet  a  hard  vertical  plane,  so  that,  after  reflection, 
it  may  fall  again  at  the  bottom  of  the  given  plane  ? 

I  .  5.    Find  the  actual  time  of  oscillation  in  a  given  hypocydoid. 

6.  Transform  the  equation  x*  +  jr3  +  a:2^-jf^-l  —  0  into  one 
whose  roots  shall  be  the  squares  of  the  roots  of  the  given  equation  : 
and  shew  from  the  roots  themselves  that  the  transformation  is 
correct, 

y2 
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7.  A  table  is  supported^  in  a  slanting  position^  on  three  props,  of 
^ven  but  unequal  heights^  and  forming  a  given  triangle  on  the 
ground  r  find  its  inclination  to  the  horizon. 

8.  State  those  cases  of  obliqOe  spherical  triangles.  Which  are 
sometimes  ambiguous :  and  shew  when  they  are  so. 

9.  Let  a  body,  suspended  by  a  string  of  given  length,  be  made 
to  describe  a  conical  revolution  with  a  given  velocity :  find  the  radius 
of  the  circle  described,  and  the  periodic  time. 

10.  A  body  is  projected  downwards  in  a  medium  whose  resistance 
varies  as  the  square  of  the  velocity :  determine  the  circumstances  of 
its  descent,  according  as  the  initial  velocity  is  greater  or  less  than 
the  terminal  velocity. 

11.  Given  the  radius  of  a  spherical  balloon,  the  weight  of  all  the 
apparatus  attached  to  it,  and  the  specific  gravity  of  the  gas  with 
which  it  is  filled :  find  the  greatest  weight  that  it  can  carry  up. 

12.  At  a  given  place  on  a  given  day,  find  the  number  of  hours 
in  the  afternoon  during  which  a  rainbow  can  be  seen. 

13.  Let  a  given  triangle  be  placed  with  its  base  on  the  ground 
making  a  given  angle  with  a  meridian  line,  its  plane  being  inclined 
at  a  given  angle  to  the  horizon:  the  place,  day  and  hour  being 
known,  find  the  vertical  angle  of  its  shadow  cast  by  the  Sun  on  the 
ground. 

14.  Explain  what  is  meant  .by  a  tautochronous  curve:  and  find 
it  when  the  force  is  constant  and  acts  in  parallel  lines. 

15.  Investigate  fully  the  general  expression  for  the  centre  of 
oscillation  of  a  system  of  points  revolving  about  a  horizontal  axis. 

16.  A  body  revolving  in  an  ellipse  round  the  focus  is  reflected 
towards  the  centre  from  any  point  in  the  curve  between  the  maxi« 
mum  and  mean  distances :  find  the  point  from  which,  and  the  angle 
at  which,  it  must  be  again  projected,  so  that  its  new  orbit  may  be 
similar  and  equal  to  the  original  one :  and  compare  the  time  of  falling 
with  the  periodic  time  in  either  orbit. 

17*  Find  the  moment  of  inertia  of  an  ellipse  revolving  about  the 
centre. 
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18.  Trace  the  curves,  y^  =  ax%  aud  y^  _  ^2^  .  fi^d  the  angles 
at  which  they  cut  their  axis,  and  the  singularity  at  the  point  of 
intersection. 


19-    Find  the  integrals  of 

dx  x*dx 


from  a:  =  0>  to  a;  =  2rt 


(stn-xAeos.^)-'  -"d -being even orodi 

20.  Find  the  accelerating  force  on  a  soUd  cylinder  rolling  down 
a  given  inclined  plane. 

21.  Find  the  attraction  of  an  oUate  spheroid  on  a  particle  placed 
at  its  pole. 


JESUS  COLLEGE,  May  1830. 

1.  When  three  forces  act  upon  a  hody  and  keep  it  at  rest, 
(1)  any  one  of  them  must  he  equal  and  opposite  to  the  resultant  of 
the  other  two ;  (2)  and  must  pass  through  the  intersection  of  the 
other  two. 

2.  Define  what  is  meant  hy  "  stable  and  unstable  equilibrium" 
and  "  equilibrium  of  indifference,"  and  give  an  example  of  each. 

$•  If  any  number  of  forces,  in  a  vertical  ]^ne,  act  upon  a  body 
and  keep  it  at  rest,  the  sum  of  the  horizontal  and  vertical  forces  is 
each  ss  0. 

4.  Apply  the  last  stated  principle  to  the  solution  of  the  following : 
A  weight  JV  is  supported  by  two  equal  weights  P,  Q  connected  by 
a  string  passing  over  fixed  puUies,  il,  jB.  in  a  horizontal  line.  Find 
the  position  of  W. 

QjgJ 

6.  Transform  the  equation  x*  —  a«jr«  +  a^^^ -.  o  (l)  from 
rectangular  to  polar  co-ordinates ;  (2)  to  an  equation  between  the 
perpendicular  and  distance. 
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?•  The  roots  of  a.*^  —  gx  +  r  =  0  are  all  possible.  Shew  how 
they  may  be  found  by  means  of  the  trigonometrical  tables. 

8.  Two  balls  A,  B  of  which  B  is  impejrfectly  elastic,  are  let  fall 
at  the  same  instant  from  two  points  in  the  same  vertical  line*  Find 
the  point  when  B,  after  rebounding  from  the  horizontal  plane,  will 
meet  A» 

9*  From  what  height  above  a  given  inclined  plane  must  a  per- 
fectly elastic  ball  descend,  so  that  after  impact  it  may  strike  a  given 
point  upon  the  plane  ? 

10.  Integrate    „^   ,. r.  between  x  =  0,  and  a?  =  1. 

11.  In  the  focal  distance  SP  of  a  parabola,  Sp  is  taken  equal  to 
the  ordinate  PN.  Find  the  equation  to  the  curve  traced  out  by  the 
point  p. 

12.  Find  all  the  angles  in  which  the  curve,  whose  equation  is 

is.     Determine  the  maximum  ordinate  in  the  equation 
^  —  axy  +  x^  =  0,  and  shew  that  it  is  a  maximum. 

14.  A  pendulum,  which  vibrates  seconds  at  Greenwich,  taken  to 
another  place  loses  n  seconds  a  day.  Compare  the  force  of  gravity 
at  the  two  places. 

15.  If  «  be  a  function  of  or,  and  in  the  equation  —  =  0  there 

be  m  roots  equal  to  a,  there  will  be  one  minimum  value  of  u  corre- 
sponding to  a  if  971  be  odd,  and  neither  maxima  nor  minima  values, 
if  m  be  even. 

16.  Draw  an  asymptote  to  the  spiral,  whose  equation  is 

0      a 
COS.-  =  -• 

2      r 

17*  The  surface  of  the  solid,  generated  by  the  revolution  of  the 
cycloid  round  its  base  :  area  of  the  cydoid  : :  8^  :  3^. 
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JESUS  COLLEGE,  May  1831. 

1.  No  equation  can  have  more  positive  roots  than  changes  of 
signs,  nor  more  negative  roots  than  continuations  of  the  same  sign. 

2.  Find  the  sum  of  the  nfi^  powers  of  the  roots  of  an  equation, 
in  terms  of  the  sums  of  the  inferior  powers,  and  the  coefficients* 

3.  The  accuracy  of  the  approximation  to  the  roots  of  an  equation, 
depends  upon  the  assumed  root  being  much  nearer  to  one  root  than 
to  any  other. 

4r.    In  a  parabola  the  subnormal  a=  ^  latus  rectumj  and 

5.  In  ibe  eX^pse  PF.CD^ AC. BC;  SP.HP=iCiy,  mi 

%CD^ 
the  diameter  of  curvature  =  "py  • 

6.  In  the  hyperbola ;  find  the  equation  between  its  asymptotes. 

7*  Draw  two  conjugate  diameters  inclined  at  a  given  angle  to 
each  other. 

8.  Also  let  QK,  qr  be  two  chords  intersecting  in  0 ;  CD^  CD' 
the  diameters  parallel  to  them,  then 

QO.OR  :  qO.Or ::  CD^ :  cir^. 

9.  Find  the  equation  to  the  section  of  a  right  cone  made  by  any 
plane. 

,» if,_^^.: *.i(,+|),.g„.+^y. 

11.  Find  the  equation  to  the  curve  in  which  the  perpendicular 
on  the  tangent  from  the  foot  of  the  ordinate  is  constant. 

IS.  Find  the  locus  of  the  middle  points  of  all  equal  chords  in  an 
ellipse. 

13.  A  cydoid  rolls  upon  an  equal  one^  find  the  locus  of  the  vertex 
of  the  rolling  cydoid. 

14.  APQ  is  an  indefinite  straight  line  given  inpontion;  two 
lines  SP,  SQ  are  drawn  fix)m  a  fixed  point  S,  and  PO,  QO  inclined 
at  a  constant  angle  to  SP,  and  SQ;  it  is  required  to  find  the  locus 
of  Hxc  ultimate  intersections  of  PO,  and  QO, 
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15*  Find  the  magnitude  and  position  of  the  resultant  of  any 
numher  of  parallel  forces. 

16.  The  times  of  descent  down  all  chords  of  a  vertical  circle 
drawn  from  the  highest  or  lowest  points  are  equal. 

17.  Find  the  direction  in  which  a  body  must  be  projected  with, 
a  given  velocity  to  hit  a  given  mark. 

JESUS  COLLEGE,  Mat  18SI. 

1.  Thb  greater  side  of  every  triangle  is  oppodte  to  the  greater 
angle. 

2.  In  a  cirde^  the  angle  in  a  semicircle  is  a  right  angle. 

3.  Similar  triangles  are  to  one  another  in  the  duplicate  ratio  of 
their  homologous  sides. 

4.  If  two  straight  lines  be  at  right  angles  to  the  same  plane,  they 
shall  be  parallel  to  one  another. 

5.  Find  the  value  of  -r-— — .,  ,     .^  to  three  places  of  decimals. 

6.  Explain  the  method  of  transforming  a  number  from  one  scale 
of  notation  to  another.  Apply  the  rule  to  the  case  of  decimals ;  and 
transform  13*454  from  a  system  in  which  the  radix  is  8,  to  another 
in  which  the  radix  is  4.  -  • 

7.  Write  down  the  expansion  of  (1  —  or)"?  by  the  Binomial 

Theorem,  and  give  the  general  term. 

,  8.    Insert  n  geometric  means  between  a  and  b,  and  sum  the  aeries 

X  y 

"7*  +  ^^  +  Vj^  +    /    +  ^c.  to  n  terms  and  to  infinity. 

9.  Prove  that 
l-2«+3.n.-^^4.«.-^ _4.&c.=.^;P^- 

10,  When  the  square  root  of  a  +  <y&  +  n/c  +  ^d  ean  be  re- 
duced to  the  form  >/«  -H  ^/fi  -|-  Vy ;  then 

2a  ^{bcd)  ^bc-\-bd'\-ed. 
Apply  this  criterion  to  shew  tliat  the  square  root  of 

6  +  V8  +  V12  +  \/24 
can  be  extracted  in  the  abovQ  form ;  and  find  the  loot. 
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11.  Find  the  present  value  of  an  annuity  to  continue  for  n  years, 
allowing  compound  interest.  What  is  the  present  value  of  a  per- 
petual annuity  ^ 

12.  If  at  and  0,  when  suhstituted  for  x  and  i/,  satisfy  the  equation 

flx  +  Ay  =  c  where  a  and  b  are  prime  to  each  other ;  then  the 

number  of  corresponding  positive  integer  values  of  x  and  ^y  will  be 

ff        a  6     ct 

1  +  l-  +  ly:  where  1-,  ly  denote  the  least  whole  numbers  less 
a        o  a     o 

/3  a 

than  -  and  -r* 
a  o 

13.  Also,  if  two  corresponding  values  of  x  and  y  in  the  equation 

S079a:  +  2711^  =  37819000  are  7000  and  6000. 
Find  all  their  positive  integer  values. 

14.  Shew  that   a*  =  1  +  px  +  ^^  +  &c  where 

What  is  meant  by  a  Naperiaa  logarithm  ?     Find  the  value  of  its 
base ;  and  shew  that  p  =  Nap.  log.a. 

15.  If  log.«x  denote  the  logarithm  of  x  to  the  base  a :  then 

^  log..& 

16.  Find  the  number  corresponding  to  a  logarithm,  not  exactly 
found  in  the  tables. 

17.  log..(»  +  1)  =  2  log.,w  —  log.,(«  —  1) 

r      1         .    1  1  .1  1  ) 

"     l2««  -h  1  "^  3  *  (2««  +  1)3  +  5  (2fi^  -f  1)5       J 


THE   END. 


T,  C.  Hamard,  Printer,  PatemMter  Row,  Londoo. 
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